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ABSOEPTION  AS  APPLIED  TO  RECOYEEY  OF  GASOLINE 
LEFT  IN  RESIDUAL  GAS  FROM  COMPRESSION  PLANTS. 


By  W.  P.  Dykema  and  Roy  O.  Xeal. 


INTKOBUCTION. 

Petroleum  investigations  having  to  do  \\'itli  gasoline  are  being  con- 
ducted by  the  Bureau  of  Mines  in  order  to  bring  about  more  efficient 
methods  of  production,  transportation,  refining,  and  marketing  in 
the  United  States.  The  war  has  impressed  the  Nation  with  the  im- 
portance and  value  of  gasoline  as  a  source  of  power.  With  the  ever- 
increasing  number  of  gasoline-driven  engines  in  use,  especially  in 
motor  vehicles  and  tractors,  the  consumption  of  gasoline  must  be 
larger,  and  hence  it  is  imperative  that  all  waste  of  gasoline  in 
petroleum  or  natural  gas  be  reduced  to  the  minimum. 

Supplementary  to  the  researches  described  in  Bulletin  151,  "  Recov- 
ery of  Gasoline  from  Natural  Gas  by  Compression  and  Refrigera- 
tion," and  Bulletin  176,  "Recent  Developments  in  the  Absorption 
Process  for  Recovering  Gasoline  from  Natural  Gas,"  the  bureau  in- 
vestigated the  possibilities  of  increasing  the  saving  of  gasoline  at 
compression  plants  by  installing  small  auxiliar}'  absorption  units 
for  treating  the  residual  gases. 

The  Bartlesville  experiment  station  of  the  bureau,  being  situated 
in  an  area  that  produces  more  gasoline  from  natural  gas  than  any 
other  in  this  country,  was  selected  as  the  logical  place  for  beginning 
this  investigation.  The  Oklahoma  Corporation  Commission  has 
listed  in  its  files  more  than  230  active  gasoline  plants ;  90  per  cent  of 
these  use  the  compression  method,  which,  as  this  study  proves,  is  not 
altogether  satisfactory  as  regards  efficient  recovery. 

SCOPE  OF  REPORT. 

This  paper  deals  with  the  recovery  of  gasoline  by  means  of  the 
absorption  process*^  from  the  residual  gas  of  plants  where  motor 

"  Burrell,  0.  A..  Biddison,  P.  M..  nnd  Oherfell,  G.  G.,  Extraction  of  gasolino  from 
natural  gas  by  absorption  uu'tliods.  Bull.  li'»i,  Burpau  of  Mines.  1!>17,  71  pp.  :  Dykoma, 
W.  P.,  Rfcent  devHopnionts  in  tlic  al)sori)tlon  process  for  recovering  j;asolino  from 
natural  gas,  Bull.  170,  Bureau  of  Mines,  1919,  90  pp. 
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fuel  is  obtained  from  natural  gas  by  mechanical  compression  and 
cooling.  In  the  ub^^orption  process  the  gasoline  present  in  the  natural 
gas  is  absorbed  b}'^  oil  and  subsequently  separated  from  the  oil  by 
distillation,  or  Is  absorbed  in  naphtha  and  marketed  without  any 
further  treatment. 
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OBJECTIONS  TO  INSTALLING  ABSORPTION  PROCESS  AT  COIORES- 

SION  PLANTS. 

Through  the  efforts  of  engineers  applying  absorption  practice  and 
principles  in  the  treatment  of  the  rich  (casing-head)  gases  being 
treated  almost  entirely  by  compression,  the  absorption  method  has 
been  proved  to  be  more  efficient  than  compression  and  to  be  applica- 
ble either  to  the  rich  gas  (3  to  6  gallons  per  1,000  cubic  feet)  or  to  the 
residual  gases  from  compression  plants.  Some  of  the  most  efficient 
gasoline  plants  in  the  Mid-Continent  field  use  the  absorption  process. 
The  engineers  in  charge  deserve  much  credit,  as  plant  owners  were 
skeptical  of  the  success  of  absorption  in  replacing  compression.  Simi- 
larly the  prejudice  of  operators  has  to  be  overcome  in  installing 
absorption  towers  to  treat  the  residual  gas  from  comprcbsion  plants. 
The  chief  objections  advanced  against  equipping  a  plant  with  an 
auxiliary  absorption  unit  for  treating  the  waste  gas  are  that  the 
gasoline  recoA^ered  is  too  "  wild  "  to  hold,  and  that  in  most  instances 
the  quantity  so  obtained  would  be  too  small  to  make  such  an  auxiliary 
unit  profitable. 


OBJECTIOXS   TO   IXSTALLIXG   x\BSOEPTIOX    PROCESS.  6 

COST  OF  ABSORPTION. 

As  a  concrete  example  of  cost  and  gain,  let  it  be  assumed  that  from 
the  residual  gas  of  a  compression  plant  0.10  gallon  of  gasoline  can 
be  recovered  per  1,000  cubic  feet  of  residual  gas,  the  daily  capacit}'- 
being  500,000  cubic  feet  of  this  gas  and  the  working  pressure  200 
pounds. 

If  the  absorption  medium  used  were  naphtha,  the  only  extra  con- 
struction required  would  be  one  absorption  tower  and  auxiliaries 
such  as  pumps,  etc.,  with  no  additional  labor  cost  for  operation.  This 
installation  can  be  made  at  a  small  (500,000  cubic  feet)  plant  at  a  cost 
of  less  than  $1,000.  "With  absorption  gasoline  at  22  cents  per  gallon, 
the  gross  income  in  such  an  installation  would  be  $1,320  per  month, 
excluding  from  consideration  the  increase  in  volume  and  gravity  of 
the  naphtha  through  some  of  the  higher  gases  being  permanently 
held  in  solution. 

Under  the  same  assumption  of  gas  to  be  treated,  the  first  cost  of 
a  plant  using  "  mineral  seal  oil  *'  as  the  absorbent,  with  subsequent 
distillation  to  separate  the  gasoline,  should  not  exceed  $G,000.  The 
operating  costs  chargeable  to  the  absorption  process  would  be  repre- 
sented by  the  wages  of  one  extra  man  on  each  tour,  plus  upkeep 
costs. 

QUALITY  OF  PRODUCT  OBTAINED. 

An  erroneous  impression  is  current  among  compression-plant 
operators  to  the  effect  that  only  the  very  lightest  of  the  condensible 
vapors  are.  retained  in  the  treated  gas  being  discharged  from  the  plant. 

On  the  assumption  that  a  compression  plant  in  the  Mid-Continent 
field  is  working  at  a  pressure  of  214  pounds  per  square  inch,  the 
treated  gas,  if  cooled  to  90°  F.  before  discharge,  will  theoretically 
contain  0.5  gallon  of  hexane  (gravity  78.9°  B.)  per  1,000  cubic  feet,  and 
if  cooled  to  70°  F.  will  contain  0.39  gallon  per  1,000  cubic  feet,  as 
shown  by  the  curve  in  figure  1.  In  other  words,  by  compression  and 
cooling  it  is  theoretically  impossible  to  reduce  the  content  of  hexano 
below  0.5  gallon  per  1,000  cubic  feet  at  214  pounds  and  90°  F.,  or 
below  0.39  gallon  at  214  pounds  and  70°  F.  At  90°  F.  and  a  pressure 
of  214  pounds  the  residual  gas  would  also  contain  0.17  gallon  of  hep- 
tane (gravity  70.9°  B.),  and  at  70°  F..  0.11  gallon  of  heptane  per 
1,000  cubic  feet,  and  correspondingly  smaller  quantities  of  the  heavier 
members  of  the  li3'drocarbon  series. 

These  data  show  that  regardless  of  what  the  working  pressure  or 
temperature  may  be  in  the  compression  system,  the  treated  gas  will 
contain  some  low-gravity  hydrocarbons.  Evidently  operators  are 
laboring  under  a  false  apprehension  when  they  say  that  the  gasoline 
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ill  the  residual  gas  is  so  wild  that  even  if  recovery  Avore  possible  the 
gasoline  would  rapidly  weather  away. 

THE  EFFICIENCY  OF  THE  COMPRESSION  SYSTEM. 

In  the  operation  of  compression  plants,  which  are  described  in  Bul- 
letins 88  and  151,  three  prime  factors  control  the  efficiency  of  recov- 
ery— namely,  the  working  pressure,  the  temperature  to  which  the 
compressed  gas  is  cooled,  and  dilution  of  the  gas  with  air,  carbon 
dioxide,  or  "dry"  gas. 

PRESSURES. 

Plant  operators  have  been  repeatedly  urged  to  make  a  series  of 
experimental  runs  to  determine  the  most  suitable  working  pressure 
for  the  particular  gas  being  treated.  The  criterion  as  to  the  pressure 
used  at  new  plants  is  that  used  by  other  plants  in  tlie  same  field  or 
in  some  other  field  with  which  the  operators  may  be  familiar.    As  a 
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Figure  1. — Curve  showing  the  theoretical  amount  of  hexaue  left  in  the  residual  sas  from 
compression  plants  at  different  working  temperatures.  Based  on  the  assumption  that 
gas  is  treated  at  a  pressure  of  214  pounds  per  .square  inch. 

field  gets  older  and  the  vacuums  are  increased  the  gasoline  con- 
tent of  the  gas  increases,  consequently,  lower  pressures  can  be  used 
and  .still  produce  the  maximum  quantity  of  salabk^  product.  This 
feature  must  be  considered  if  plants  are  to  be  operated  efficiently. 
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TEMPEBATURES. 

In  tlie  compression  system,  temperature  conditions  are  jnst  as  im- 
portant as  pressure  conditions,  because  these  two  factors  are  inter- 
changeable. A  mistake  made  by  many  operators  is  using  too  much 
■water  and  flooding  the  coils.  When  an  excess  of  water  is  used,  the 
greatest  cooling  factor,  evaporation,  is  not  effective  in  lowering  the 
water  temperature  and  the  heat  is  transferred  to  the  water,  as  in  a 
submerged  coil  or  in  an  oil  heat-exchanger.  Coils  should  have  only 
a  thin  film  of  water  covering  them  in  order  to  get  the  maximum  cool- 
ing effect  from  radiation  and  evaporation.  One  pound  of  water,  on 
warming  from  79°  F.  to  80°  F.,  will  absorb  1  B.  t.  u.,  provided  there 
is  no  evaporation,  whereas  a  pound  of  water  permitted  to  evaporate 
will  absorb  992  B.  t.  u.  From  this  it  is  evident  that  too  much  water  is 
more  detrimental  than  too  small  a  quantity.  Submerged  coils  are  not 
recommended  in  the  recovery  of  casing-head  gasoline,  for  the  reason 
that  evaporation  is  at  a  minimum  in  such  cooling  systems.  With 
aerial  coils  it  is  possible  at  times  to  obtain  temperatures  as  low  as 
65°  F.  on  a  warm  summer  day,  tlie  reduction  in  temperature  depend- 
ing on  the  relative  humidity  of  the  air,  whereas  with  submerged  coils 
the  lowest  temperatures  that  could  be  expected  would  be  the  original 
temperatures  of  the  incoming  water. 

A  large  number  of  the  compression  plants  visited  have  kejDt  abso- 
lutely no  record  of  temperatures;  in  fact,  at  some  plants  the  only 
thermometer  on  hand  was  that  on  the  stem  of  the  hydrometer.  Ther- 
mometer wells  should  be  placed  in  the  gas  stream  at  convenient 
points  ahead  of  and  after  each  step  in  the  process,  whether  com- 
pressing, cooling,  or  expanding. 

DILUTION  OF  GAS. 

At  a  majority  of  the  plants  in  the  Mid-Continent  field  practically 
no  attention  is  paid  to  the  dilution  of  the  casing-head  gas  with  dry 
gas  and  more  especially  with  air.  The  gas  is  contaminated  with  air 
through  leaks  in  the  vacuum  lines,  defective  casing  heads,  improp- 
erly packed  stuffing  boxes,  and  leaky  stopcocks;  also,  in  some  in- 
•  stances  by  perforated  casing  at  or  near  the  surface  of  the  ground. 
One  can  readily  ascertain  the  air  content  by  means  of  a  small  port- 
able gas-analysis  apparatus,  which  is  on  the  market.  However,  be- 
cause chemicals  and  some  glass  bulbs  are  cmplo3'ed  in  this  apparatus, 
most  of  the  operators  neglect  it,  thinking  that  none  but  a  skilled 
chemist  could  use  it. 

One  gasoline  company  operating  in  the  Glenn  pool  has  a  small 
force  of  men  who  are  engaged  continually  in  taking  gas  samples 
from  various  lines,  analyzing  them  for  air  content,  following  up  the 
lines  showing  high  percentages,  and,  if  possible,  determining  the 

127403°— 19 2 
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source  of  the  incoming  air  and  making  the  necessary  corrections.  The 
result  is  that  the  plant  is  now  treating  between  two-thirds  and  one- 
half  as  much  air  as  formerly,  thus  reducing  the  air  content  to  19  per 
cent. 

Dry  gas  is  just  as  detrimental  as  air  as  a  diluent  of  natural  gas  to 
be  treated.  In  one  instance  that  came  to  the  writers'  attention  natu- 
ral gas  containing  1  gallon  of  gasoline  per  1,000  cubic  feet  was 
being  drawn  into  the  same  line  as  gas  having  a  gasoline  content  of 
7  gallons  per  1,000  cubic  feet.  On  discarding  the  entire  supply 
of  the  1-gallon  gas,  the  production  was  increased,  lower  pressures 
emi)lo3'ed,  and  the  quality  of  the  product  materially  improved.  Some 
plants  have  two  sets  of  coils  and  compressors  where  two  gases  of 
decidedly  different  richness  are  treated,  and  if  the  gas  supplies  Avill 
warrant  it,  this  is  excellent  practice.  Determination  of  the  specific 
gravity  (air-free  basis)  of  a  gas  will  usually  indicate  the  quality, 
and  the  result,  in  all  cases,  should  be  confirmed  by  a  compression  or 
absorption  test  before  plant  construction  is  considered. 

LIMITATIONS  OF  COMPRESSION  PROCESS. 

It  is  impossible  to  recover  all  of  the  gasoline  in  casing-head  gas  by 
means  of  compression  unless  excessive  pressures  or  extremely  low 
pressures  are  maintained.  Even  with  rich  gas  the  efficiency  of  re- 
coA'ery  necessarily  decreases  as  the  gas  gets  leaner  and  the  resulting 
partial  pressures  of  the  condensible  vapors  increase.  It  has  been 
stated"  that  the  compression  sj'stem  will  remove  all  of  the  gasoline 
from  wet  casing-head  gas,  certainly  from  gases  containing  2  gal- 
lons or  more  per  1,000  cubic  feet.  The  writers  have  tested  the  residual 
gas  from  compression  plants  operating  at  72°  F.  (temperature  of 
gas  in  accumulators)  on  10-gallon  gas  and  have  found  the  plants 
losing  as  much  as  340  gallons  per  1,000,000  cubic  feet,  which  could 
undoubtedly  be  recovered  at  a  profit  by  absorption.  Compression 
alone  should  never  be  used  in  treating  gas  containing  less  than  1.00 
gallon  per  1,000  cubic  feet,  and  has  failed  to  give  satisfactory  yields 
in  some  instances  on  gas  carrying  as  much  as  1  gallon  of  con- 
densible gasoline. 

PARTIAL  VAPOR  PRESSURES. 

The  underlying  principles  governing  all  processes  used  for  recov- 
ering gasoline  from  natural  gas  involve  the  partial  vapor  pressures 
of  the  gasoline  hydrocarbons,  and  in  order  to  have  a  clear  under- 
standing of  the  various  processes  a  knowledge  of  the  theory  of  par- 
tial pressures  and  its  application  is  necessarj'. 

"  Burrell,  G.  A.,  Gasoline  plants  and  their  operation :  Oil  and  Gas  Jour.,  vol.  17.  Fol>. 
7,  1919,  p.  54. 
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All  gases  will  diffuse  into  one  another,  and  in  a  confined  mixture 
the  process  of  diffusion  goes  on  until  each  gas  is  uniformly  dis- 
tributed throughout  the  entire  space.  If  the  pressure  of  each  gas 
could  be  measured  separately,  it  would  be  found  that  diffusion  con- 
tinues until  the  pressure  of  any  given  gas  is  the  same  in  all  parts 
of  the  space;  also  it  would  be  found  that  the  pressure  exerted  by 
each  gas  is  the  same  as  that  which  the  given  mass  of  the  gas  would 
have  exerted  if  it  alone  were  occupying  the  entire  space.  This, 
pressure  is  called  its  partial  vapor  pressure.  The  total  pressure  of 
a  gaseous  mixture  is  the  sum  of  all  the  partial  pressures  of  its  com- 
ponent gases.  The  volume  of  each  gas  is  the  total  volume  of  the 
space  occupied  by  the  entire  gaseous  mixture.  The  law  which  de- 
scribes these  phenomena  is  known  as  Dalton's  law  of  partial  pres- 
sures, and  is  stated  by  one  authority*  as  follows: 

"  Each  gas  in  a  gaseous  mixture  fills  the  entire  space  occupied  by 
the  gaseous  mixture,  and  the  total  pressure  of  the  mixture  is  the  same 
as  the  sum  of  the  partial  pressures  of  the  component  gases."' 

Let  the  total  volume  be  represented  by  V,  the  volume  of  the  sepa- 
rate gases  by  Va,  Vb,  Vc,  the  total  pressure  by  P,  and  the  partial 
pressures  by  Pa,  Pb,  and  Pc-     Then — 


V.=Vb=Vc 

Pa-I-Pb  +  Pc 


Table  1. — Vapor  pressures  and  rorrespondhni  tcmppratnres  at  which  cerfain 
hydrocarbons  will  condense.'^ 


Tem- 

Vapor  pressure  (pounds  per  square  inch). 

ture 

Propane 
(CaHs). 

Butane 
(CiHio). 

Pentane 
(C5H12). 

Hexane 
(CeHu). 

Heptane 
(C7H16). 

32 

72.5 

13.9 

3.5 

0.9 

0.2 

40 

84.6 

19.9 

4.4 

1.0 

.3 

60 

100.7 

24.1 

5.4 

1.4 

.4 

60 

n5.4 

30.0 

6.8 

2.0 

.5 

70 

130.1 

30. 7 

8.2 

2.5 

.7 

80 

147.2 

44.1 

9.9 

2.9 

.9 

90 

105.0 

53.2 

11.9 

3.2 

1.1 

a  Di.t!ems,  P.,  Recovery  of  gasoline  from  casing-head  and  natural  gas:  Joiu-.  Engineers' Club  of  St.  Louis, 
Jan.-Feb.,  1918. 

For  example,  assume  that  a  natural  gas  contains  1.5  per  cent  by 
volume  of  hexane  (which  is  approximately  0.5  gallon  per  1,000  cubic 
feet)  at  80^  F.  The  vapor  pressure  of  hexane  at  80°  F.  is  •2.0  pounds 
per  square  inch,  as  is  stated  in  Table  1.  The  pressure  necessary  before 
the  hexane  will  start  to  precipitate  is  (100-r-1.5)X2.9  or  193  pounds 
per  square  inch.  The  pressures  necessary  to  cause  the  hexane  to  start 
to  condense  at  other  temperatures  is  shown  by  the  curve  in  figure  2. 
"Cady,  H.  P.,  Inorganic  chemistry.     1912.     p.  61. 
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If  tliis  natural  gas  is  contaminated  with  an  equal  volume  of  dn'  gas  or 
iiir,  tlio  liexane  content  will  be  decreased  to  0.75  per  cent,  and  a  pres- 
sure of  386  pounds  per  square  inch  vill  have  to  be  applied  before  the 
hexane  will  start  to  condense.  The  same  reasoning  applies  to  pentane, 
hei)tane,  and  other  gasoline  vapors  in  casing-head  gas,  and  on  the 
partial  vapor  pressure  of  each  component  depends  the  pressure  at 
which  the  compressor  must  be  worked  in  order  to  precipitate  the 
gasoline. 

In  the  absorption  i^rocess,  partial  pressures  of  the  various  re- 
coverable constituents  are  equally  important.  Each  particular  hy- 
drocarbon  continues   to   dissolve   in   the   absorption   medium    until 
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FiGrRB  2. — Curve  showing  the  partial  vapor  pressure  of  hexane  at  different  temperatures. 
Assumption  is  made  that  the  hexane  is  present  in  gas  containing  0.5  gallon  hexane  per 
1,000  cubic  feet,  and  that  1  gallon  of  hexane  occupies  .10  cubic  feet. 

its  i^artial  vapor  pressure  in  the  gas  is  equal  to  its  partial  vapor 
pressure  from  the  absorption  menstruum.  For  example,  hexane  in 
a  mixture  of  gases  will  dissolve  in  "  mineral  seal  oil  *'  until  its 
partial  vapor  pressure  from  the  oil  is  at  equilibrium  with  its  par- 
tial vapor  pressure  in  the  gas.  Each  individual  hydrocarbon  is 
absolutely  independent  of  all  others.  Consequently,  one  can  not  say 
that  4  per  cent  or  any  other  figure  is  the  best  saturation  at  which  to 
operate  an  absorption  plant  until  some  experimental  work  has  been 
done.  The  character  and  proportions  of  the  diflPercnt  liydrocarbons 
present  in  the  gas  will  determine  what  saturation  is  the  most  efficient 
to  use.  It  is  obvious  that  a  gas  containing,  say,  0.5  per  cent  pentane, 
0.5  per  cent  hexane,  and  0.5  per  cent  heptane  can  be  treated  with  less 
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oil  (other  factors  being  equal)  than  a  gas  containing  1.5  per  cent 
pentano,  because  the  solubility  of  each  component  is  independent  of 
other  gases.  At  an  absorx^tion  plant  treating  "  dry  "  natural  gas  from 
the  Mid-Continent  field  having  a  gasoline  content  of  0.20  gallon  per 
1,000  cubic  feet,  and  circulating  5  or  6  gallons  of  "  mineral  seal  oil " 
per  1,000  feet  of  gas  treated,  at  normal  temperatures,  the  discharge 
gas  will  retain  between  0.02  and  0.03  gallon  of  uncondensed  gasoline. 
This  represents  the  point  of  equilibrium  between  the  partial  vapor 
pressures  of  that  portion  of  the  hydrocarbons  dissolved  in  the  "min- 
eral seal  oil  "  and  the  portion  in  the  gas. 

FIELD  TESTS  OF  PLANTS  FOE  LOSSES  OF  GASOLINE. 

DATA  ON  COMPRESSION  PLANTS. 

The  residual  gas  from  compression  plants  situated  in  representa- 
tive districts  of  the  Mid-Continent  field  was  tested  by  the  absorption 
apparatus  described  in  a  subsequent  part  of  this  paper  (pp.  36  to  38). 
The  data  obtained  is  tabulated  in  Table  2  following. 
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DISCUSSION  OF  PLANTS  AND   RESULTS    OBTAINED. 
PLANT    1 

The  first  plant  tested,  designated  as  No.  1,  is  in  the  Bartlesville  field. 
The  results  of  the  investigation  showed  that  the  plant  was  losing 
0.480  gallon  per  1,000  cubic  feet  of  gas.  Efforts  to  increase  the  pro- 
duction by  mechanical  adjustments,  such  as  changing  the  pressures 
and  temperatures  used  and  examining  the  raw  gas  for  dilution 
with  air  or  dry  gas,  were  in  vain.  The  bureau's  representatives 
recommended  the  erection  of  absorption  towers  to  treat  the  residue 
gas,  using  naphtha  as  the  absorption  agent,  if  possible.  A  pre- 
liminar\'  test  with  the  portable  absorption  apparatus,  using  naph- 
tha, gave  the  following  results: 

RcsuU-s  of  icstiiig  rasidnal  iias. 

[Temperature  of  napbtha  at  beginning  of  test,  72°  F. ;  at  finisb,  82°  F.  ;  average,  77°  F. 
rressine,  205  pounds  per  square  inch.  Rate  of  flow,  141  cubic  feet  per  hour  (test  lasted 
1  hour  25  minutes)  or  2.35  cubic  f<^et  per  minute.     Volume,  200  cubic  feet.] 


Charge e.  c . 

Recovered c.   e. 

Increase  in  volume per  cent. 

I  nit  ial  boiling  point °  F. . 

Gravity °Be. 

Vapor  pressure  at  100°F  " pounds  per  square  inch. 

Gravity,  after  vapor  pressuio  h.id  Leeu  taken °Be. 


First 

Second 

coinp'irt- 

compurt- 

meut. 

mcut. 

2.000 

2. 600 

3, 100 

2,  940 

1.-..  4 

13.1 

n4 

119 

5(i.  1 

64.6 

3.5 

2.7 

54.8 

53.3 

Tliird 

coiupart- 

meut. 


2,600 

2,720 

4.6 

129 

51.7 

2.0 

51.5 


"  Minimum  temperature  of  charge  was  82°  F.,  therefore  vapor  pressure  at  70°  F.  could  not  be  determined. 

The  volume  of  naphtha  was  increased  by  loA  per  cent,  in  the 
first  compartment  and  the  gravity  raised  from  51.1°  to  56.1°  B., 
whereas  the  vapor  pressure  at  100°  F.  was  only  3.5  pounds  per 
square  inch.  The  distillation  curves  of  products  recovered  in  each 
compartment  is  given  in  figure  3.  For  convenience  the  curves  have 
been  drawn  to  coincide  above  GO  per  cent,  but,  as  a  matter  of  fact, 
they  deviate  slightly  from  each  other. 

The  absorption  system  installed  at  the  plant  referred  to  has 
three  towers,  each  consisting  of  a  20-foot  joint  of  20-inch  standard 
casing,  connected  in  series.  Steel  shavings  are  used  as  batlling 
material  having  approximately  90  per  cent  voidage.  Each  toAver 
was  filled  to  a  depth  of  about  eight  feet  with  naphtha  of  50°  to 
52°  B.  gravity.  The  gas  bubbles  through  the  naphtha  until  the 
l)roduct  in  the  first  absorber  reaches  a  gravity  of  63°  B.,  at 
which  time  the  stock  in  the  second  and  the  third  towers  attains 


gravities  of  58°  B.  and  57°  B.,  respectively.     The  time  required 
for  running  one  charge  is  usually  eight  hours.     The  product  from 
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the  three  toAvcrs  -when  mixed  in  the  storage  tank  has  a  gravity 
of  approximately  59^^  B.  and  a  vapor  pressure  of  about  seven  pounds 
per  square  incli.  The  extremes  of  quantities  used  and  products  mada 
in  the  operation  of  these  towers  in  the  first  month  of  operation  are  as 
follows : 

Highest     Lowest 
run.  run. 

Gas  treated,  M  cubic  feet 511        500 

Blended  product  obtaiued,  gallons 1,213         9G3 

Naphtha  used,  gallons 791         700 

Gain,   gallons 422         263 
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FiGiTRE   3. — Distillation   curves   for   raw  naphtha  and   products  from   absorhcrs,    plant   1. 
a.  Raw  naphtha;   h,  first  absorber;  c,  second  absorber;  d,  third   absorber. 

Distillation  curves  for  the  naphtha  charged  into  absorption  towers 
and  for  the  blend  obtained  on  mixing  the  absorption  products  from 
the  three  towers  are  shown  in  figure  4.  Results  of  tests  to  determine 
the  weathering  losses  of  the  various  products  at  this  plant  are  given 
in  Table  3.  In  these  tests  graduated  cylinders  of  500  c,  c.  capacity 
were  filled  Avith  the  samples.  Temperatures  during  weathering 
varied  from  51°  F.  to  72°  F.  The  data  recorded  are  significantly 
comparative. 

127405°— 19 3 
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Table  3. — Rcnult'i   of  vcathcrlny  tests  of  imiihtha   and    blended  products, 

plant  1. 


Naphtha.  " 

Compression 
blend.* 

Absorption 
blend,  c 

Time. 

Gravitr. 

Los.s. 

Gravity. 

Loss. 

Gravity. 

Loss. 

Hours. 

°  B. 

Per  cent. 

"  R. 

Per  cent. 

'  B. 

Per  cent. 

0 

50.8 

0 

t)3.4 

0 

61.5 

0 

2 

50.8 

0 

63.0 

1.0 

61.2 

1.0 

4 

50.7 

.5 

62.6 

2.3 

60.6 

2.5 

6 

50.  G 

.  t 

62.4 

3.2 

6t).4 

3.5 

24 

50.6 

1.2 

60.4 

8.4 

58. 7 

8.5 

48 

50.5 

2.0 

59.4 

12.0 

57.8 

11.8 

a  Naphtha  used  in  making  blends. 

6  Product  made  by  blending  naphtha  and  condensate  from  high-pressure  and  low-pressure  accumu- 
lators  of  compression  units. 
c  Stock  made  by  absorption  towers  through  which  the  residual  ga3  passed. 

The  residual  gas  now  averages  0.10  gallon  of  gasoline  per  1,000 
cubic  feet  of  gas,  whereas  before  the  naphtha  absorbers  were  put  into 
operation  the  residual  gas  from  the  compression  plant  carried  0.50 
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Figure  4. — Distillation  curves  for  naphtha  used  and  blended  product,  at  plant  1. 
a.  Naphtha,   Ti,  blended  product. 

gallon  per  1,000  cubic  feet.  The  pressure  on  the  discharge  of  the 
high-stage  compressor  is  250  pounds  per  square  inch,  the  same  as 
before  the  absorption  unit  was  installed  to  treat  the  residue  gas, 
also  the  production  of  condensate  from  the  low  and  the  high  stage 
compressors  has  not  been  changed. 

The  cost  of  installing  the  absorption  equipment  was  about  $800, 
and  no  extra  expense  is  incurred  for  operation  except  the  small  cost 
of  upkeep.  The  profit  resulting  with  the  present  price  of  gasoline 
(May,  1919)   varies  from  $52.60  to  $84.40  per  day.     This  figure  is 
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based  solely  on  increase  in  production,  and  does  not  take  into  con- 
sideration the  increase  in  value  of  the  naphtha  by  raising  its  gravity 
from  50-51°  B.  to  58-59°  B.  The  product  is  sold  in  the  vicinity  to 
garages  and  makes  a  splendid  motor  fuel. 

PLANT    2. 

At  plant  2,  also  situated  in  the  Bartlesville  field,  a  two-stage  ex- 
pansion engine  and  double-pipe  coils  are  installed.  The  gas  is  ex- 
panded from  275  pounds  per  square  inch  to  5  pounds  per  square  inch, 
and  the  high-pressure  gas  is  cooled  to  35°  F.  During  July  and 
August  of  1918,  the  average  production  made  by  this  arrangement 
was  923  gallons  per  day,  and  still  the  residual  gas  contained  0,200 
gallon  per  1,000  cubic  feet. 

PLANT   5. 

At  plant  5  (Bartlesville  field)  part  of  the  residual  gas  was  run 
through  an  18  inch  by  20-foot  tower  which  was  filled  with  crushed 
rock.  Naphtha  was  used  as  an  absorption  menstruum  and  passed 
continuously  through  the  absorber;  the  gravity  was  increased  from 
52°  to  59°  B.  The  gasoline  content  of  the  residual  gas  passing 
through  the  absorption  tower  was  lowered  from  0.336  to  0.110  gallon 
per  1,000  cubic  feet. 

The  condensate  at  this  plant  is  blended  to  make  a  product  with  a 
gravity  of  67°  B.  During  one  week  when  the  absorption  tower  was 
not  in  use  2.68  gallons  of  raw  compression  gasoline  to  one  gallon  of 
naphtha  was  required  to  obtain  a  67°  B.  blend.  On  the  following 
week  the  absorption  tower  was  used  and  only  2.26  gallons  of  raw  con- 
densate to  one  gallon  of  naphtha  was  necessary  in  order  to  procure 
the  same  gravity.  The  temperature  during  the  two  weeks  in  which 
these  tests  were  run  averaged  80°  F.  and  79°  F.,  respectively. 

Eesults  of  weathering  tests  on  the  product  made  in  the  blending 
tower  and  that  made  by  blending  naphtha  and  compressor  conden- 
sate are  shown  in  Table  4  following: 

Table  4. —  Weathering  losses  of  stocJ:    blended  in    absorption    touer    and  of  that 
blended  ivith  compressor  condensate,  plant  J. 


Date 
(1918). 

Time. 

High  product 
(compressor). 

Blended  product 
(absorption). 

Quantity- 
taken  for 
test. 

Gravity. 

Quantity 

taken  for 

test. 

Gravity. 

July  17 
18 
19 
20 
21 
22 
23 
24 
28 

Aug.  1 

4.40  p.  m 

C.  C. 
550 
500 
480 
468 
450 
444 
440 
425 
405 
390 

57.7 
65.0 
54.1 
53.8 
63.3 
52.4 
52.4 
52.4 
51.8 
61.6 

C.  C. 

550 
490 
468 
457 
445 
4.35 
430 
425 
405 

3yo 

"B. 
67.5 
53.9 
52.1 
51.8 
51.2 
51.0 
50.8 
50.6 
50.0 
49.8 

9.30  a.  m 

10. 00  a.  m 

10.00  ii.m.... 

11. 00  a.  m 

4.30  p.  m 

5.00  p.  m 

4.00  p.  m.    

6.00  p.  m 

4.15  p.  m 
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Attention  is  called  to  the  low  gravity  of  the  absorption  stock, 
uhich  is  saturated  with  the  so-called  "  permanent  gases "'  that  increase 
the  gravity  and  weather  more  rapidly  than  the  liquid  fractions  that 
would  have  been  absorbed  to  a  larger  degree  provided  less  naphtha 
had  been  circulated  and  more  efficient  baffling  material  installed. 
Distillation  curves  for  this  product  are  shown  in  ligure  5. 

The  blending  tower  used  at  this  plant  is  shown  in  Plate  I,  A.  The 
tower  is  too  small  to  handle  all  the  gas  compressed  at  this  plant;  be- 
sides it  is  filled  with  crushed  rock  which  is  an  inefficient  bafflinof  ma- 


£ 


Figure  5. 
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VOLUME,  PER  CENT. 

-Distillation  curyes  for  naphtha  and  blended  stock  from  absorber,  plant  5. 
a  Naphtha,  h,  blended  product. 


terial  and  lowers  the  tower's  gas  capacity.  Plate  I.  B,  shows  a  set 
of  vertical  absorption  towers  that  are  handling  800,000  cubic  feet  of 
gas  daily. 

PLANT    2  0. 

Plant  26  (Cushing  field)  is  equipped  with  the  absorption  system 
10  treat  the  residue  gas.  The  gas  passes  through  nine  horizontal 
absorbers,  each  16  inches  by  40  feet,  which  are  connected  in  three 
parallel  sets  of  direct  absorbers  in  series.  "  Mineral  seal  oil "  is  used 
for  the  absorption  menstruum.  The  oil  is  introduced  through  sprays 
in  the  top  sci'ubber,  then  passes  down  into  the  next  absorber,  where 
the  gas  is  first  treated  by  being  allowed  to  bubble  up  through  the  oil. 
The  arrangement  is  shown  in  Plate  II.  The  residual  gas,  at  the  intake 
on  the  absorbers,  contains  0.1:^,0  gallon  per  1.000  cubic  feet,  and  is 
cleaned  to  a  content  of  0.0-28  gallon.    It  is  doubtful  whether  this  ab- 
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A.    HORIZONTAL  ABSORBERS  WORKING  ON  RESIDUAL  GAS. 


B.    SCRUBBERS  WORKING  ON  RICH  GAS. 
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Forption  installation  is  a  profitable  investment,  as  the  initial  cost  was 
extremely  high,  and  the  gasoline  content  of  the  residual  gas  is  abnor- 
mally low  because  of  the  efficient  cooling  system  of  the  compression 
plant  and  the  character  of  the  gas  being  treated. 

Plant  28  (Cushing  field)  is  equipped  with  a  combination  absorp- 
tion and  refrigeration  process  to  recover  the  gasoline  from  the  residue 
gas.  The  naphtha  is  cooled  by  an  ammonia  expansion  system  to 
35°  F.  and  pumped  into  vertical  absorbing  towers,  18  inches  by  30 
feet  in  size,  through  which  the  residual  gas  flows.  The  towers  are 
insulated  by  cork  and  boxed  as  shown  in  Plato  I,  C.  The  residual 
gas  discharging  from  these  towers  contains  0.15  gallon  of  gasoline  per 
1.000  feet.    The  pressure  maintained  on  the  absorbers  is  250  pounds. 

The  writers  are  indebted  to  Lloyd  F.  Boyer  for  the  following 
description  of  the  method  of  operating  this  plant: 

The  residual  gas  from  the  top  connections  of  the  high-pressure  accumulators 
of  the  regular  compression  plant  is  cooled  in  vertical  towers  by  direct  contact 
■with  chilled  gasoline.  Gasoline  is  thus  condensed  directly  into  that  used  as  the 
cooling  agent  and  the  blended  mixture  flows  by  gravity  from  the  bottom  of  the 
tower  into  a  separating  tank.  Here  the  condensed  water  is  removed.  The 
high-pressure  circulating  pump  takes  its  suction  from  the  gasoline  in  this 
tank  and  discharges  gasoline  through  the  double-pipe  ammonia  expansion  coils 
and  then  into  the  sprays  In  the  tower.  Thus  a  certain  quantity  of  gasoline  Is 
cnndensed  in  the  tower,  tending  to  increase  the  quantity  in  the  system,  the 
excess  overflows  into  the  accumulator  tank,  from  which  it  is  drawn  into 
storage.  Distillate  for  blending  is  pumped  into  the  system  continuously  at 
the  proper  rate  to  maintain  the  desired  gravity  of  the  product. 

The  gas  is  treated  luider  usual  compression  pressure,  approximately  250 
pounds  per  square  inch.  It  passes  through  the  towers  only  once,  as  the  towers 
are  connected  in  parallel.  The  refrigeration  equipment  is  of  the  usual  com- 
pression type  using  single-acting  two-cylinder  York  compressors  and  Shipley 
flooded  condenser.  The  double  pipe  coils  are  of  2-inch  and  3-inch  pipe,  the 
gasoline  flowing  through  the  inner  pipe.  The  return  bends  are  extra  heavy  to 
withstand  the  high  pressui'e. 

During  the  summer  months — that  is,  April  to  October,  inclusive — tlie  addi- 
tional yield  from  the  refrigeration  system  measured  in  the  storage  tanks  upon 
llie  basis  of  the  original  gas  taken  into  the  compression  plant  was  0.046  gallon 
per  thousand.  Of  this  0.26  gallon  per  thousand  was  shipped  in  the  cars,  the 
difference  being  lost  in  weathering  and  loading. 

When  the  .system  was  originally  started  we  used  calcium  chloride  brine  as 
the  cooling  agent.  Tlie  mixture  of  brine  and  condensate  was  sei)arated  by 
difference  in  gravity  and  the  brine  was  continually  circulated.  However,  so 
much  trouble  developed  in  clogging  of  piping,  freezing,  and  discoloration  of 
product  that  we  abandoned  that  method. 

All  of  the  compressor  condensate  from  this  plant  is  blended  to  a 
gravity  of  61  to  63°  B.  The  storage  tanks,  shown  in  Plate  V,  B 
(p.  32)  are  connected  to  the  intake  of  one  of  the  compressors,  and 
the  vapor  which  is  ordinarily  lost  while  weathering  is  compressed  to 
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200  pounds,  whith  gives  very  remunerative  results.  The  average 
daily  production  of  this  plant  is  9,000  gallons  from  field  gas,  1,000 
gallons  absorption  gasoline  from  residue,  and  2,800  gallons  repre- 
senting compressed  vapors  from  weathering  tanks. 

LOSSES  IX  RESIDUAL  GAS. 

The  average  loss  of  gasoline  in  residual  gas  at  the  compression 
plants  tested,  as  shown  in  Table  2  (p.  12),  is  0.337  gallon  per  1,000 
cubic  feet  of  gas.  The  losses  at  various  temperatures  and  pressures 
by  actual  absorption  tests  approximately  agree  with  the  theoretical 
calculations  shown  in  figure  1  (p.  6),  and  Table  1  (p.  9).  These 
calculations,  however,  are  not  intended  as  a  criterion  by  which  to 
arrive  at  the  gasoline  content  of  any  particular  residual  gas,  but  are 
useful  in  forming  a  preliminary  estimate. 

FIELD  DATA  ON  ABSORPTION  PLANTS. 

Data  collected  on  the  gasoline  content  of  the  residual  or  discharge 
gas  from  absorption  plants  are  recorded  in  Table  5  following. 

Table  5. — Field  data,  ahsorption  gasoline  plants  in  Oklahoma. 


Bartles- 
Tille 
field. 

dishing 
field. 

375 

300 

800 

800 

2.1 

2.66 

(a) 

(o) 

243 

210 

10 

(») 

(0 

(d) 

80 

5 

77 

134 

75 

80 

69 

45 

0. 054 

0.35 

97 

87 

Osage 
field. 


Capacity,  M  cubic  feet 

rroduciion,  gallons  per  day 

Recovery,  gallons  per  M  cubic  feet 

Absorption  medium 

Temperature  of  still,  °F 

Pressure  in  still,  pounds  per  square  inch 

Kind  of  absorbers 

Pressure  on  absorl:)ers,  pounds  per  square  inch. . . 

Oil  circulated,  gallons  per  M  cubic  feet 

Temperature  oi^oil  (entering  absorbers),  °F 

Atmospheric  temperature  (during  test),  "F 

Gasoline  in  residual  gas,  gallons  per  M  cubic  feet. 
Percentage  of  recovery 


12,000 
1,750 
.146 
(a) 

209 
C) 

^^25 
4.9 
90 
78 
0.034 
81 


a  "Mineral  seal  oil." 

6  Atmospheric. 

c  Horizontal  and  vertical. 


d  Vertical  cap  and  bell. 
e  Vertical. 


The  losses  are  much  lower  than  those  of  compression  plants,  as  it 
is  possible  to  discharge  much  leaner  gas  from  these  plants  than  from 
plants  using  the  compression  and  cooling  process.  An  absorption 
{system  requires  more  careful  attention,  but  the  various  factors  affect- 
ing recovery  are  not  especially  difficult  to  understand.  Vigilant 
attention  to  plant  operation  will  be  more  than  compensated  by  the 
increased  recovery. 

EXPANSION  ENGINES. 

Some  plants  use  an  expansion  engine  for  recovering  gasoline  in 
residual  gas.  The  apparatus  and  procedure  by  which  this  is  accom- 
plished vary  somewhat  in  different  plants,  but  all  are  based  on  the 
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fundamental  principle  of  absorbing  the  power  (and  consequently  the 
heat)  stored  in  the  compressed  gas  by  causing  the  gas  to  perform 
Avork.  Expansion  under  these  conditions  results  in  much  lower  tem- 
perature than  would  otherwise  be  obtained.  The  gas  from  the  high- 
pressure  accumulators,  after  passing  through  the  inner  tubes  of 
double-pipe  coils,  is  admitted  to  the  expansion  cylinder  of  the  ex- 
pander-compressor at  full  high-stage  pressure.  The  expanded  gas  is 
exhausted,  against  a  back  pressure  of  5  to  20  pounds  per  square  inch, 
between  the  outer  and  inner  tubes  of  the  double-pipe  coils,  where  it 
serves  to  cool  the  compressed  gas  within  the  inner  tubes.  The  power 
developed  in  the  expansion  engine  is  used  to  compress  additional  gas. 
Most  of  the  recent  installations  use  two-stage  expanders.  These  are 
so  arranged  as  to  exhaust  the  first-stage  expanded  gas  into  double- 
pipe  coils  where  the  gas  is  warmed  before  going  to  the  second-stage 
cylinder. 

By  expanding  the  gas  in  two  stages  the  temperature  drop  in  each 
cylinder  is  much  less  than  in  the  single-stage  type,  and  the  engine 
gives  less  trouble  from  condensation  and  freezing  of  water  vapor, 
thus  permitting  more  effective  interchange  of  heat. 

The  expansion  engines  are  perhaps  the  most  troublesome  feature 
of  such  gasoline  plants  as  use  them.  Difficulties  arise  from  the  high 
initial  pressure  of  the  gas,  the  extremely  low  exhaust  temperatures, 
and  the  condensation  of  moisture  and  gasoline  with  the  resultant 
freezing,  which  makes  internal  lubrication  of  valves  and  cylinders 
exceedingly  difficult.  It  has  been  found  that  by  using  glycerin  in 
very  small  quantity  as  a  lubricant,  and  applying  it  directly  to  tha 
rubbing  surfaces,  the  machine  can  be  operated  almost  continuously. 

W.  E.  Finney  of  the  Midwest  Refining  Co.  has  found  that  in  addi- 
tion to  glycerin,  ordinary  flake  graphite  mixed  with  zero  cold  test  oil 
is  a  highly  efficient  lubricant  for  expansion  engines.  He  also  uses 
brass  plates  that  fit  on  the  steam  parts  of  the  expansion  cylinders. 
These  plates  take  all  the  w'ear  and  are  easily  replaced. 

All  these  difficulties  can  be  overcome  by  using  a  rotary  expansion 
engine**  or  spiral  turbine.  The  gas  passes  around  the  spaces  between 
teeth  and  causes  the  gears  to  rotate.  The  turbine  is  directly  connected 
to  a  centrifugal  pump  which  circulates  the  water  for  the  cooling 
towers. 

A  great  many  compression  plants  have  constructed  double-pipe 
tubes  in  which  the  high-pressure  gas  expands  through  a  nozzle  or 
valve.  Almost  without  exception  the  cooling  effect  is  so  small  as  to 
give  practically  no  precipitation  of  gasoline.  The  impracticability 
of  expanding  gas  adiabatically  through  a  nozzle  is  well  understood; 

"  Staunton,  W.  F.,  Casinj-hcad  gasoline  plant :  Mining  and  Oil  Bull.,  vol.  4,  March, 
10 IS,  p.   143. 
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it  is  never  possible  to  effect  any  great  reiluction  in  temperature  by 
puch  means.  In  order  to  obtain  a  decided  lowering  in  temperature 
the  exi^anding  gas  inust  be  forced  to  do  mechanical  work.  . 

Undoubtedly  the  use  of  expansion  engines  for  recovering  gasoline 
from  the  residual  gas  is  profitable  at  most  plants  where  they  have 
been  put  in,  but  the  troubles  arising  from  mechanical  difficulties  and 
from  the  high  vapor  pressures  and  large  weathering  losses  of  the 
"  Avild  "  condensate  have  made  operators  reluctant  in  constructing 
such  installati(ms. 

THE  REFRIGERATION  PROCESS. 

Some  plants  have  used  the  ordinary  ammonia  refrigeration  ma- 
chine for  recovering  gasoline  from  the  gas  discharged  from  the  com- 
pression plant.  This  system  consists  essentially  of  three  parts — a 
refrigerator,  a  compression  pump,  and  a  condenser.  The  refi'igera- 
tor,  which  consists  of  a  coil  or  a  series  of  coils,  is  connected  to  the 
suction  side  of  the  pump,  and  the  delivery  from  the  pump  is  con- 
nected to  the  condenser.  Brine  cooled  by  the  expansion  of  the  am- 
monia passes  through  double-pipe  coils,  cooling  the  residual  ga'^. 
The  compressed  ammonia  vapor  is  condensed  by  cooling  in  water 
condensers,  the  liquid  ammonia  returning  by  the  regulating  valve  to 
the  refrigerator. 

Recently  considerable  work  has  been  done  on  the  application  of 
mechanical  refrigeration  to  the  recovery  of  natural-gas  gasoline. 
The  most  improved  methods  used  are  the  direct  contact  processes, 
using  sodium  chloride  brine,  calcium  chloride  brine,  or  gasoline  as 
the  refrigeration  medium. 

DIRECT-CONTACT    BRINE    METHOD. 

In  this  method,  the  gas  to  be  treated  is  introduced  into  the  bottom 
of  a  vertical  tower  fitted  with  suitable  baffling  material.  Over  these 
baffles  is  sprayed  the  refrigeration  liquid,  such  as  salt  brine  or  cal- 
cium chloride  brine.  The  brine  showering  downward  comes  in 
direct  contact  with  the  gas  rising  countercurrent  to  it,  efficientl}^ 
cooling  the  gas.  The  gasoline  condensed  is  carried  down  Avith  the 
brine.  The  mixture  is  led  into  a  separator  where  the  gasoline 
rises  to  the  top  and  is  trapped  off;  the  brine  is  pumped  back  through 
the  brine  cooler  to  the  scrubber.  The  water  vapor  in  the  gas  causes 
gradual  dilution  of  the  brine,  which  must  be  concentrated  in  vats  by 
steam  coils;  also  there  is  opportunity  for  freezing  of  liquid  on  the 
baffles.  To  overcome  these  disadvantages,  gasoline  is  sometimes  used 
as  the  refrigerative  agent. 
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DETAILS  OF  A  REFRIGERATION  INSTALLATION  FOR  GASOLINE  RECOVERY  FROM 
NATURAL  GAS. 
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DIRECT-CONTACT   GASOLINE  METHOD. 

This  method  is  very  similar  to  the  brine  method,  except  that  gaso- 
line is  used  as  the  refrigerant,  and  the  increase  in  volume  is  trapped 
to  storage  or  blending  tanks.  The  layout  of  such  an  installation  is 
shown  in  Plate  III.  Two  towers  are  installed,  and  these  are  used 
alternately  in  case  water  freezes  on  the  baffles  of  either  tower.  If 
such  freezing  occurs  the  gas  and  gasoline  are  by-passed  to  the  other 
scrubber  and  warm  compressed  anmionia,  instead  of  the  expanding 
ammonia,  is  lead  into  the  coils  in  the  tower  to  thaw  the  ice. 

A  plant  of  this  type  in  Osage  County,  Okla.,  treating  the  residual 
gas  from  the  comiDression  plant,  gave  the  following  results  for  the 
month  of  September : 

Operating;:  pressure,  pounds  per  square  inch 250 

Temperature  of  gas,  °  F 20 

Average  daily  prodiiction  of  refrigeration  plant,  gallons 310 

Average  daily  production  of  compression  plant,  gallons 2,  000 

Average  volume  of  gas  treated  daily,  cubic  feet 706,  316 

Average    daily    recovery    from    residue    gas,    gallons    per 

M   cubic    feet 0.44 

The  great  advantage  of  the  refrigeration  process  is  that  the  chilled 
condensate  weathers  more  slowly,  and  this  permits  a  sharper  separa- 
tion between  the  permanent  gases  dissolved  and  compressed  into  the 
condensate  and  the  liquid  fractions.  The  cold  product,  if  it  is  per- 
mitted to  warm  up  slowly,  will  gradually  liberate  the  dissolved  gases 
and  "  wild ''  fractions,  but  this  effect  will  be  negligible  if  large 
storage  tanks  are  used.  The  disadvantages  are  the  initial  costs,  cost 
of  operation,  and  possibility  of  losing  ammonia,  which  is  espe- 
cially true  when  the  corrosive  water  typical  of  oil  fields  is  used 
over  the  cooling  coils.  Detailed  descriptions  of  plants  in  California 
using  this  system  are  given  in  Bulletin  151"  of  the  Bureau  of  Mines. 

REFRIGERATION  APPLIED   TO    THE   ABSORPTION   PROCESS. 

Probably  the  brightest  future  for  refrigeration  methods  in  treating 
natural  gas  for  gasoline  is  in  their  application  to  the  absorption  pro- 
cess. It  is  undoubtedlv  beneficial  to  cool  the  absorbino;  menstruum, 
for  a  large  number  of  plants  use  oil  at  temperatures  too  high  to  obtain 
complete  recovery.  As  is  shown  in  a  later  paragraph,  oil  of  any 
given  temperature  can  not  be  trusted  to  collect  antl  absorb  any  great 
quantity  of  the  gasoline  fractions  having  boiling  points  below  the 
temperature  of  the  oil  itself.  Not  infrequently  oil  is  found  entering 
the  absorption  towers  at  100°  F.  even  in  cool  weather.  By  cooling 
the  absorption  medium  the  plant  may  be  run  at  much  higher  satura- 

»  Dykoma.  W.  T'.,  Rooovery  of  gasoline  from  natural  gas  by  eomprosslon  and  rcfrlgera- 
Uon.  Bull,  mi,  Bureau  of  Mines,  1U18,  pp.  G3-(J0. 
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tioiis,  with  the  obvious  advantages  of  using  less  oil  in  the  system — ■ 
resulting  in  low  steam  consumption  and  permitting  smaller  plant 
equipment — and  causing  easier  distillation,  with  the  end  point  of  the 
distilled  product  invariably  lower.  By  using  artificial  cooling  the 
working  of  the  plant  becomes  independent  of  climatic  temperature 
conditions  and  is  more  flexible,  as  one  of  the  variable  factors  has  been 
reduced  to  a  constant. 

OPEEATION  OF  ABSORPTION  PLANTS  TREATING  RESIDUAL  GAS. 

For  all  plants  vertical  towers  are  recommended  in  preference  to 
horizontal  absorbers.  The  merits  of  the  vertical  absorbers  are  higher 
efficiency,  less  circulating  oil,  higher  saturation  of  absorbing  medium, 
and  lower  initial  and  operation  costs.  Eecovery  efficiencies  as  high  as 
95  per  cent  are  possible  with  vertical  scrubbers,  the  recovery  being 
taken,  as  determined  by  the  small  portable  absorbers,  as  100  per  cent. 

TOWERS. 

Details  of  typical  absorption  towers  are  shown  in  figures  6,  7,  8,  and 
9,  Plate  IV  (p.  30) .  The  towers  vary  in  diameter  from  12  to  36  inches, 
and  the  height  should  not  be  less  than  30  feet.  In  a  recently  designed 
plant,  the  absorbers  are  42  feet  high  and  practice  is  tending  toward 
"higher  towers.  Factors  regulating  the  size  of  the  absorbers  are  pres- 
sure, flow  velocity  of  gas,  and  temperatures  of  oil  and  gas.  Diameters 
of  absorbers  should  be  such  that  the  linear  velocity  of  gas  should  not 
exceed  75  feet  per  minute  in  the  unbaffled  part  of  the  towers.  ^ 

Figure  6  shows  in  elevation  the  blending  tower  of  a  casing-head 
gasoline  plant.  The  tower  is  15J  inches  in  diameter  and  21  feet  high. 
A  bill  of  the  material  used  in  constructing  an  absorber  of  this  type, 
and  a  detailed  explanation  of  the  lettering  on  the  figure,  are  pre- 
sented on  the  page  opposite  figure  6. 

Fio;ures  7  and  8  show  details  of  an  installation  of  three  vertical  ab- 
sorption  towers.  Figure  7  shows  the  plan  of  the  towers  with  piping 
and  comiections ;  figure  8,  the  end  elevation  of  one  of  the  towers. 

The  writers  are  indebted  to  W.  R.  Finnej'  for  the  design  of  blend- 
ing tower  shown  in  figure  7.  Since  making  this  design,  he  has  sug- 
gested the  following  alterations:  The  use  of  the  spiral  spray  in  the 
place  of  a  plain  perforated  nipple  for  introducing  the  absorbing  me- 
dium, a  drain  in  the  runback  from  the  plate,  and  lowering  the  inlet 
so  as  to  get  bubbling  contact  if  desired. 

Still  another  vertical  tower  is  shown  in  Plate  IV, 

"  Dykema.  W.  P.,  Rocent  devclopmonts  in  thp  absorption  procpss  for  rocovoring  frasolinG 
from  uatuial  gas:  Bull.  176,  Duieuu  of  Miues,  1919,  p.  26. 
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BAFFLiES. 

Paramount  in  importance  is  tlie  proper  choice  of  a  suitable  baf- 
fling material  or  tower  packing.  Tlie  factors  to  be  considered  in  de- 
termining what  material  shall  be  used  are  surface  exposed  by  the 
packmg,  weight  per  unit  volume,  voidage,  likelihood  of  channeling, 
and  whether  the  material  will  have  any  deleterious  effects  on  other 
working  parts  of  the  plant.  For  example,  rust  or  wood  splinter^  may 
get  into  the  traps  and  valves,  or  finely  divided  dust  may  get  into  the 
absorption  medium  and  foster  the  formation  of  oil-water  emulsions, 
which  are  sometimes  troublesome  and  difficult  to  handle. 

Some  factors  (average)  of  typical  tower  packing  are  recorded  in 
Table  6: 

Table  6. — Approximate  factors  for  representative  haffting  material. 


Material. 


Weight 

per  cubic 

foot. 


Surface 

exposed 

per  cubic 

foot. 


Voidage. 


Raschig  rings 

Clay  tubes,  4-inch  by  3-inch . 

Steel  shavings 

Crushed  rock 

Lathing 


Pounds. 

35 
112 

57 
100 

15 


Sq.fctt. 
60 
32 


Per  cent. 
70 
35 


Steel  shavings  give  a  large  voidage  and  large  surface  exposed,  but 
have  the  disadvantages  of  rapid  settling,  easy  corrosion  (especially 
with  casing-head  gas,  which  sometimes  contains  as  much  as  50  per 
cent  air  besides  some  salt  water),  and  tendency  to  be  carried  into 
the  traps,  the  valves  on  pipe  lines,  and  the  valves  in  the  pumps. 

In  using  any  tower  packing  from  which  small  particles  are  aj)t 
to  become  detached,  screens  should  be  placed  in  the  oil  lines  at  a 
number  of  places  to  protect  the  pump  valves  and  to  clean  the  oil 
before  it  enters  a  pipe  or  tank  in  which  the  flow  velocity  is  reduced, 
otherwise  the  particles  will  settle  and  accumulate. 

Crushed  rock  should  not  be  used,  as  the  voidage  is  too  small.  One 
tower  filled  with  steel  shavings  will  handle  more  gas  than  two  filled 
with  rock. 

One  company  in  the  Mid-Continent  field  is  using  curved  parti- 
tion rings  of  vitrified  clay,  4-inch  by  3-inch,  such  as  are  used 
extensively  in  the  acid  and  alkali  industries.  This  packing  has  the 
same  disadvantages  as  the  crushed  rock  in  giving  small  free  passage 
for  gas ;  in  addition  the  rings  can  not  be  placed  in  the  tower  at  ran- 
dom without  forming  free  spaces  through  whichchanneling  will  take 
place  and  prevent  the  oil  and  gas  being  brought  into  intimate 
contact. 
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Bill  of  iinitiriiil  (/.vf 7/  ///  ahn(,r1>' r  slmtrn  in  fi<inrr  6. 
[Reference  numbers  are  same  as  in  fig,  6.) 


Kefercnce 

Q^]antlt^■ 

No. 

needed . 

1 

1 

;L' 

1 

3 

1 

4 

1 

5 

4 

6 

2 

7 

1 

8 

1 

9 

3 

JO 

2 

11 

3 

13 

1 

13 

4 

H 

4 

15 

2 

16 

1 

17 

4 

18 

1 

19 

1 

20 

1 

Si 

2 

2i 

2 

S3 

1 

U 

«35 

So 

a.-O 

S6 

1,IK)0 

S7 

«10 

28 

It) 

S9 

1 

SO 

2 

SI 

1 

SS 

4 

Van  Stone  type  cover  (for  16-inch  pipe). 
1-iuch,  extra-heavy, screw  gate- valve. . . 
5-inch, extra-heavy, screw gato-valve. . . 

i-inch  standard  screw  gate-valve 

2-inch,  e.\tra-heavy ,  sere  w  ell 


l-^nch,extra-hea^'y,  screw  ell 

1-inch,  extra-heavy,  screw  tee 

J-inch,  extra-heavy,  screw  ell 

2-inoh,pround-joini;,  Navy  lip  union 

1-inch,  groimd-jomt.  Navy  lip  union 

2-inch, extra-heavy, screwcollar 

1-inch,  extra-heavy, screw  collar 

2  by  12  inch  standard  pipe  nipple 

2  by  6  inch  standard  pipe  nipple 

1  \  by  12  inch  nipple,  welded  end 

J  "by  12  inch  nipple,  welded  end 

i  by  6  inch  standard  pipe  nipple 

J  liy  4  inch  standard  nipple 

\  by  3  inch  standard  nipple 

2  to  1  inch  by  12  inch,  extra-heavy,  swing  nipple. 

-J  by  15  inch  (outside  diameter)  plate 

I  by  15  inch  (outside  diameter)  plate 

Joint  of  15!-inch,  70-pound,  casing 

2-inch  standard  pipe 


1-inch  standard  pipe 

Circular  tile 

1-inch  rod 

Jinch  hexagonal  set  screws 

5-inch  pressure  gage  (zero  to  oX)-pound  pressure). 

Extra-heavy,  36-inch  gage 

1  J-inch  welded  seal 

2-"inch  rod  3  feet  1  inch  long 


Jfaferial. 


Cast  iron. 
Brass. 

Do. 

Do. 
Afanganese 
iron. 

Do. 

Do. 

Do. 

Do. 

Do. 


Black  wrought 
iron. 
Do. 

Iron. 


a  Toet. 


E.I- pi (11! (it ion  of  lettering  sh'nat  mi  fi(jurc  G. 


A,  Detail  of  gasoliue  iulet,  same  for  gas  outlet ;  B,  detail  of  naplitlia  iulot ; 
C,  detail  of  method  for  lioldiug  perforated  plate.s  iu  place.  (Parts  are  num- 
bered as  in  table  above.)  1,  Cover  plate;  .?,  1-inch  gate  valve  (not  shown)  ;  3, 
1-inch  gate  valve  for  water  drain;  .},  |-inch  gate  valve;  .',  2-inch  ell;  6.  1-inch 
ell ;  7,  1-iuch  tee,  8,  ^-inch  ell ;  9,  2-inch  union ;  10,  1-inch  union ;  U,  2-iuch 
collar,  welded;  12,  1-inch  collar,  welded;  13,  2-inch  by  12-inch  nipple  (not 
shown)  ;  14,  2-inch  bj'  6-inch  nipple;  15,  li  by  12  inch  perforated  nipple,  with 
welded  end,  four  rows  of  J-inch  holes,  16  in  row,  ?-inch  pitch,  drilled  in  bottom 
of  nii^ple ;  16,  j-inch  by  12-incli  perforated  nipple  with  welded  end,  two  rows  of 
1-inch,  8  in  a  row,  i-inch  pitch  drilled  in  bottom  (perforated  nipples  are  welded 
to  outside  pipes  and  inserted  through  screwed  collar")  :  77.  1-inch  by  6-inch  nipple 
(not  shown)  ;  IS,  £-inch  by  4-iucIi  nipple  (not  sliown)  ;  I'J,  ]-iuch  by  o-incli  nipple 
(not  shown)  ;  20,  2  by  1  by  12-inch  swing  nipple  at  gasoline  outlet:  21,  15-inch 
jierforated  plates,  2-inch  thick,  lower  plate  drilled  with  one  hundred  and  twenty 
1-inch  holes,  upper  plate,  four  hundred  and  eighty  ^-inch  holes;  22,  lo-inch 
plate,  i-inch  thick,  welded  to  rods ;  23,  loj-inch  casing ;  2.},  2-inch  pipe ;  25.  1-inch 
pipe;  26,  tile;  .37,  1-inch  rods,  welded;  28,  set  screws  (not  shown)  ;  20,  pressure 
gauge,  500-pound  pressure;  30,  gages;  81,  welded  seal  (not  shown)  ;  32,  3-hich 
rods;  33,  1-inch  lug,  welded. 


OPERATION    OF   ABSORPTION   PLANTS. 


27 


Gas  outief 


i^P. 


19 


■12- 


odqddodq; 

QQOQQQOO 

100  26  pa 

iDDOQDOQ 
.ODDQOllD, 
lOOQDQQOi 
IQOODQOO 
,0000000 
iQo°°°no, 

2? 


I- 

25 


Gas  inlef  from 
coo/ing  fowef 


"I 


FiGDRE  G. — Blending  or  absorption  tower  for  casing-head  gasoline  pb.nt. 
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FiGCEE  7. — Plan  of  absorption  towers  showing  piping  and  connections,  a.  Gas  traps, 
400-pound  pressure;  6,  3-inrh  line  to  tank,  rrf)-pound  pressure:  r.  J-inch  line  from 
trap ;  d,  3-inch  by-pass,  400-pound  pressure  ;  e,  2-inch  oil  line.  400  pounds  ;  f,  I'-iuch 
liy-pass  ;  ff,  thermometer  wells ;  /i,  4-inch  gas  header,  400  pounds  ;  t,  absorption  towers, 
400  pounds;  ;,  U-iucU  gas  headei-,  400  pounds.      (.Tor  elevation  see  fig.  S.) 
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PiGL'KB  8. — End  elrvatioa  of  installatiou  sliown  ia  Qgure  7. 
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mil  of  nuiUrial  for  absorber  shoicn  in  Plate  IV. 
[Reference  numhors  aio  same  as  in   PI.  IV.] 


Refer- 
ence No. 


Quantity 
needed. 


1 
2 
4 
2 
1 

2 
I 
2 
3 
8 
2 
1 

a  37 


2 
2 
4 
2 
8 
4 
4 
2 
1 
"75 
am 
5 
1 
1 
1 
2 
2 
14 
J4 
7 


Article. 


Van  Stone  type  cover , 

■1-inch    xtralieavy  screw  gate-valve. 
2-inch    xtra  leavy  screw  gate-valve. 

|-inch  LUandard  screw  gate- valve 

2-iiich  extra  heavy  screw  tee 


.do. 


J-inch  standard  screw  ell 

-]-inch  e-\tra  hca\y  screw  collar 

2-inch  extra  heavy  screw  collar 

4-inch  by  U-inch  extra  heavy  collar 

^-inch  by  29Hnch  (outside  diameter)  perforated  plale. 
.'.-inch  by  2yj-inch  (outside  diameter)  perforated  plate. . 
i-inch  rod 


3  ^inch  by  2i'>-ineh  welded  nipple 

1  ^inch  by  2l)-inch  welded  nipple 

4-ineh  by  t;-inch  pipe  nipple 

4-iiich  closed  nipple 

2-inch  by  (V-ineh  pipe  nipple 

2-inch  closed  nipple 

2-inch  extra  he;ivy  flange  union 

5-inch  pressure  gage  (pressure,  zero  to  500  pounds). 

Joint  of  30-ineh  pipe 

4-inch  standard  pipe 

2-inch  standard  pipe 

;  -inch  by  3-iuch  pipe  nipples 

Extra  heavy  screw  gate- valve 

E.xtra  heavy  screw  collar 

1-inch  by  4-inch  pipe  nipple 

1-iuch  extra  heavy  sample  gate- valve 

42-inch  extra  heavy  gages 

J-inch  reinforcing  bars  8  feet  long 

j-inch  rod  2  feet  long 

Pipe  support,  0-inch  by  4-inch  welded  pipe 

1-iuch  U-bolls,  with  nuts  and  washers 


Material. 


Brass. 

Do. 
Jfanganese 
iron. 

Do. 

Do. 

Do. 

Do. 

Do. 
Steel. 
Cast  iron. 
Lon. 


Brass. 


a  Feet. 


Explanation   of  lettering  shoivn  on  I'hite  IV 


A„  Detail  of  gas-iulet  aiid  gas-outlot  couuectious ;  B,  ulteruate  nietliod  of  mak- 
ing gas  inlet  and  gas  outlet;  C,  detail  of  oil-inlet  connection;  D,  detail  of 
method  for  holding  plate.  1,  Cover  plate;  2,  4-infh  gate  valve;  5,  2-inch  gate 
valve ;  .},  J-inch  gate-valve ;  J,  2-incli  tee ;  6,  2-iucLi  ell ;  7,  .i-iucli  ell ;  6',  4-iucli 
screvs^  collar;  10,  tmion ;  11,  ^-inch  plate  perforated  (.'lO  per  cent  of  area)  i-inch 
holes  or  larger ;  11a,  1-iuch  Ings ;  IZ,  perforated  plate ;  l.^a,  7  l-iuch  rods  welded 
to  pipe ;  13,  supporting  rods ;  I'l,  tile ;  15,  3A  by  26-iuch  perforated  nipple, 
Avelded  to  4-inch  pipe,  4  rows  of  ^-inch  holes,  16  in  row,  l^-inch  pitch;  16, 
li-inch  perforated  nipple  welded  to  2-inch  pipe ;  2  rows  of  i-inch  holes,  16  in 
row,  l*-inch  pitch;  If,  4-inch  by  6-inch  pipe  nipples;  18,  4-inch  close  nipple;  19, 
2-incli  by  6-inc]i  pipe  nipple ;  21,  2-iuch  flange  union  ;  .U,  pressure  gage ;  Z3,  30-incb 
casing;  2'i.  4-inch  pipe;  27,  2-inch  pipe;  26,  -J-inch  by  3-inch  nipple;  27,  1-inch 
gate-valve;  26',  1-incli  collar;  2'J,  l-inch  by  4-iueli  nipple;  SO,  .sainpliug  valve; 
31,  gages;  32.  ^inch  reinforcing  rods,  S  feet  long;  53,  5-inch  bars,  2  feet  long: 
S'l,  leg  of  supports;  3o,  1-iudi  U  bolt.s ;  Jo',  gas  meter  on  main  lino  (.not  shown)  ; 
SI,  IS-lnch  headers,  supported  at  intermediate  points  by  pipe  columns,  spaced 
10  feet  apart;  3S,  support  for  header;  39,  oil  meter  on  main  line;  JO,  header; 
Jil,  concrete  base  for  jjipe  support. 
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A  VERTICAL  ABSORBER. 
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Wooden  lathes  luive  proved  successful  in  many  plants  and  are 
very  eflieient  if  care  is  taken  in  tlieir  construction.  The  baffling  is 
usually  made  of  latticework.  All  the  boards  should  be  planed 
in  order  to  eliminate  any  possibility  of  splinters  getting  into  the 
traps  or  valves.  Attention  should  be  given  to  the  design  in  order 
that  the  oil  will  not  channel,  particularly  around  the  edges  of  tho 
tower. 

A  plant  in  Louisiana  uses  three  baffle  plates  welded  into  the  tower, 
the  plates  being  perforated  with  -^-inch  holes  in  place  of  any  of 
the  usual  packing  materials.  The  perforations  allow  less  than  50 
per  cent  of  the  cross-sectional  area  for  the  passage  of  gas,  causing 
a  high  flow  velocity.  Great  trouble  is  encountered  from  loss  of  oil 
in  a  fine  spray,  most  of  which  can  not  be  caught  by  any  separator 
or  drip  that  has  been  installed.  The  small  holes  break  the  oil  into 
small  drops,  giving  a  spray  effect  and  practically  atomizing  the  oil, 
in  which  state  it  can  not  again  l^e  collected  and  separated  from 
the  gas. 

Easchig  rings  seem  to  be  the  best  tower  packing  that  has  been 
examined.  They  are  made  of  glazed  clay,  1  inch  long  and  1  inch 
in  diameter,  have  walls  one-eighth  inch  thick,  and  weigh  only  35 
pounds  per  cubic  foot.  They  give  60  square  feet  of  exposed  surface 
per  cubic  foot  with  70  per  cent  voidage,  and  can  be  thrown  into 
the  tower  at  random  without  forming  free  or  large  open  spaces 
which  allow  channeling. 

RATES  OF  OIL  FLOW. 

The  proper  quantity  of  oil  to  circulate  Avill  depend  on  the  gas 
pressure,  temperature  of  oil,  mechanical  arrangement  of  absorber  and 
baffling  material,  and  the  characteristics  of  the  particular  gas  to  be 
treated,  which  can  not  be  overlooked. 

With  all  plants  a  smaller  quantity  of  oil  is  required  in  a  vertical 
lower  than  in  horizontal  absorbers,  also  less  oil  is  required  in  high 
(40  to  50  foot)  towers  than  in  short  (18  to  30  foot)  towers.*^  The 
more  uniformly  the  oil  is  distributed  and  the  more  surface  there  is 
exposed,  the  smaller  will  be  the  amount  of  oil  necessary  for  efficient 
recovery  of  the  lighter  hydrocarbons,  and  this  must  be  borne  in  mind 
when  choosing  a  tower  packing. 

On  account  of  the  different  characteristics  of  each  individual  gas, 
no  table  can  be  compiled  that  will  accurately  give  the  quantity  of  oil 
in  gallons  to  be  circulated  per  1,000  cubic  feet  of  gas.  The  volume  of 
oil  that  it  is  necessary  to  circulate  for  complete  recovery  of  the  gaso- 

«  For  discussion  of  hoight  of  towers  see  Bulletin  17G,  Bureau  of  Mines,  "Recent  de- 
velopments in  the  absorption  process  for  recoverinc;  gasoline  from  natural  fras,"  by  W.  T. 
iJykema,  lOl'.t,  p.  25. 
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line  in  tlie  gas  depends  upon  the  pressure  of  the  gas  and  the  gasoline 
content.  For  example,  two  gases  in  southern  Kansas  each  contain 
approximately  0.20  gallon  of  gasoline  per  1,000  cubic  feet  of  gas. 
When  these  gases  are  treated  in  exactly  the  same  vertical  absorber 
and  at  the  same  pressure,  the  saturation  of  the  absorption  menstruum 
can  be  permitted  to  rise  as  high  as  9  per  cent  with  one  of  them 
whereas  with  the  other  gas  the  efficiency  of  recovery  decreases  after 
the  saturation  of  the  oil  passes  4  per  cent. 

One  should  endeavor  so  to  regulate  the  quantity  of  oil  circulated 
as  to  obtain  highest  saturation  that  gives  the  maximum  economic 
efficienc}^  in  treating  the  gas.  With  treated  absorption  oil  of  high 
gasoline  saturation,  the  cost  of  distillation  is  less  and  a  better  product 
is  made,  particularly  as  regards  the  end  point  and  the  color. 

OPERATION  OF  STILLS. 

There  are  two  types  of  stills  in  general  use  in  the  absorption 
practice.  One  contains  a  large  quantity  of  oil  which  is  heated  by 
steam  from  open  coils  entirely,  or  from  a  combination  of  open 
and  closed  coils.  Various  systems  of  baffling  are  used  in  order  to 
direct  the  flow  and  to  lengthen  the  time  that  the  oil  remains  in  the 
still.  The  other  type  contains  a  series  of  pans  filled  with  closed  coils 
into  which  the  oil  being  treated  flows ;  only  a  small  amount  of  oil  is 
maintained  in  the  bottom  of  the  still  and  this  is  heated  by  direct  or 
open  steam.  The  capacity  of  this  still  arrangement  is  very  large  as 
compared  with  the  other  type  of  "  tub  "  still.  An  ordinary  still  con- 
structed so  that  oil  can  be  heated  by  direct  and  closed  coils  is  shown 
in  Plate  V,  A.  For  detailed  information  regarding  the  construction 
of  stills,  the  reader  is  referred  to  Bulletins  176«  and  120^  of  the 
Bureau  of  Mines. 

Troubles  may  be  experienced  in  applying  absorption  to  the  residual 
gas  from  compression  plants  if  "mineral  seal  oil"  is  used  as  the 
absorption  medium  instead  of  naphtha,  the  usual  absorbent  en- 
countered in  absorption  practice.  The  residual  gas  contains  large 
quantities  of  propane  and  butane,  which  are  permanent  gases  under 
ordinary  atmospheric  conditions,  but  will  dissolve  readily  in  the 
absorption  medium.  On  distillation  the  dissolved  gases  will  be 
liberated  and  carry  with  them  liquid  hydrocarbons,  resulting  in  a 
\oss  of  stable  gasoline  at  the  "look  box."  Kegardless  of  how  cold 
the  condensers  may  be,  the  permanent  gases  will  carry  away  some 
of  the  gasoline.  However,  the  colder  the  condenser  the  lower  will 
be  the  partial  vapor  pressures  of  the  liquid  components  that  govern 
the  quantity  of  gasoline  in  the  tail-house  vapors. 

"  Dykema,  W.  V.,  work  cited, 

"  Bunoll.  O.  A.,  Riddison,  P.  M.,  and  Oberfell,  G.  G.,  Extraction  of  gasoline  from 
natural  ga«,   1917,  pp.    16-50. 
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There  are  several  methods  of  offsetting  this  difficiiUy  in  some  de- 
gree. One  method  is  to  condense  the  gasoline  under  pressure, 
say  about  10  pounds,  and  increase  the  still  temperature  to  about 
245°  F.  Another  means  suggested  is  adding  naphtha  to  the  absorp- 
tion oil  after  the  oil  has  been  treated  in  the  scrubber.  Adding  about 
2  per  cent  naphtha  will  materially  decrease  the  volatilization  losses, 
and  if  the  naphtha  is  high  grade  will  give  a  satisfactory  end  point. 
For  example,  assume  that  the  still  vapors  contain  equal  volumes  of 
butane  (boiling  point  +33°  F.)  and  hexane  (boiling  point  156°  F.) 
and  that  condensation  is  taking  place  at  60°  F.  and  atmospheric 
pressure. 

Under  these  conditions  hexane  has  a  vapor  pressure  of  2  pounds 
per  square  inch,  1  cubic  foot  of  gaseous  hexane  being  equivalent 
to  156  cubic  centimeters  of  the  liquid.  The  vapor  pressure  of  butane 
at  60°  F.  is  30  pounds  per  square  inch;  hence  the  butane  will  not 
condense  under  the  assumed  conditions.  At  the  look  box  the  hexane 
will  be  carried  away  by  the  butane  in  a  mixture  which  contains  two- 
fifteenths  by  volume  of  gaseous  hexane,  or  21  cubic  centimeters  of  hex- 
ane will  evaporate  and  be  carried  away  in  each  cubic  foot  of  tail  gas. 
Now,  if  a  quantity  of  naphtha  equal  to  that  of  the  hexane  (156  cubic 
centimeters)  is  added  before  the  mixture  enters  the  still  the  partial 
vapor  pressure  of  the  hexane  will  be  reduced  to  1  pound,  and  only 
10.5  cubic  centimeters  of  hexane  will  evaporate,  with  a  net  saving 
of  50  per  cent.  The  deductions  are  made  on  the  assumption  that 
no  butane  is  dissolved  in  the  hexane  and  that  both  gases  follow  the 
theoretical  conditions  based  on  the  law  of  partial  pressures  of  gases. 
From  these  data  it  is  obvious  that  the  addition  of  naphtha  will  give 
beneficial  results. 

In  all  instances  the  maximum  saturation  of  absorbing  oil  com- 
patible with  efficiency  should  be  attained,  as  with  the  higher  satura- 
tion the  distillation  losses  will  be  less. 

«  KNOCK-OUT  BOXES  "  OR  PRIMARY  CONDENSERS. 

Most  absorption  plants  using  mineral  seal  oil  are  equipped  with 
"  knock-out  boxes  "  or  primary  condensers  for  removing  the  heavier 
hjTlrocarbons — carried  up  with  the  gasoline  vapors — or  "  tops,"  from 
the  mineral  seal  oil  being  stripped.  These  "  mineral  seal  "  tops  cause 
the  end  point  of  the  distilled  gasoline  to  rise,  and  as  absorption  gaso- 
line in  the  market  usually  demands  a  premium  which  is  primarily 
contingent  upon  the  end  point  of  the  product,  these  heavier  vapors 
must  be  eliminated  b}''  some  type  of  cooling  apparatus  such  as 
the  primary  condenser  or  knock-out  box.  Plate  VI,  .1  shows  a 
knock-out  box  in  which  the  temperature  is  maintained  at  190°  F.  by 
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Avaler  sprays  governed  ^Yitll  a  tlieriiiostatic  valve.  Plate  VI,  B  shows  a 
box  of  practically  the  same  construction,  with  the  exception  of  the 
thermostatic  vah'e.  The  primary  condenser  shown  in  Plate  Yl,  C 
is  partl}^  filled  with  water  maintained  at  a  temperature  of 
182°  F.,  through  wdiich  the  still  vapor  pass.  The  heavy  end-products 
that  collect  in  these  devices  are  returned  to  the  still. 

FEASIBILITY  OF  INSTALLATION. 

On  account  of  the  wide  variation  in  conditions  in  different  fields 
and  different  plants,  the  application  of  absorption  to  the  treatment 
of  the  residual  gas  may  not  be  feasible  or  profitable  at  some  compres- 
sion plants.  If  the  installation  of  an  auxiliary  absorption  unit  is 
contemplated,  thorough  absorption  tests  of  the  residual  gas  should  be 
made  under  the  average  prevailing  conditions.  In  this  preliminary 
examination  an^^  dilution  of  the  casing-head  gas  by  air  or  dry  gas 
i-hould  be  corrected  before  the  final  decision  as  to  the  feasibility  of  in- 
stalling the  absorption  process  is  reached. 

Xaphtlia  is  recommended  as  the  absorption  medium  wherever  its 
use  is  jDracticable.  Most  casing-head  gasoline  plants  blend  the  com- 
pression condensate  with  naphtha  at  the  plant  before  shipping.  At 
such  plants  the  naphtha,  after  passing  through  the  absorber,  maj'  be 
blended  still  farther  with  the  raw  compression  condensate  if  a 
higher  gravity  is  desired.  If  the  plant  is  situated  near  a  retail  market 
the  naphtha  that  has  been  used  in  the  absorbers  can  be  sold  to  the 
local  trade. 

An  operator  who  installed  an  absorption  system  for  treating  the 
residual  gas  upon  the  bureau's  reconmiendation  states : 

We  were  handling  about  500,000  cubic  feet  of  gas  per  clay  and  were  recovei-- 
ing  on  au  average  about  700  gallons  of  G9°  B.  gravity  gasoline.  "We  instalknl  an 
absorber  at  a  cost  Of  $S00,  tlirougli  which  we  are  now  running  our  residue  gas. 
■\Ve  are  recovering  a  niininnim  of  50  gallons  and  as  high  as  250  gallons  per  day 
of  high-grade  gasoline  from  this  absorber.  In  addition  to  tliis  we  are  using 
from  500  to  800  gallons  of  o0°-52°  naphtha  as  an  absorber  and  are  increasing 
the  gravity  to  59°-61°.  The  increased  value  added  to  this  naphtha,  together 
witli  the  quantity  of  gasoline  z'ecovei-ed,  confirms  our  prediction  that  this  plant, 
as  well  as  practically  all  other  compression  plants  in  the  Jlid-Continent  field, 
Is  not  obtaining  proper  efficiency  in  the  recovery  of  gasoline  from  the  gas. 

A  fact  that  should  not  be  overlooked  in  contemplating  the  installa- 
tion of  an  absorption  system  in  conjunction  with  a  compression  plant, 
is  that  such  an  arrangement  will  make  the  compression  process  far 
more  flexible.  If  engine  or  compressor  trouble  is  encountered,  the 
plant  can  be  run  at  reduced  pressures  with  the  absorption  system  re- 
covering the  gasoline  that  would  ordinarily  condense  in  the  accu- 
midators.  The  vapors  from  storage  tanks  can  be  treated  in  the 
absorbers,  thus  avoiding  the  necessity  for  introducing  them  into  the 
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compression  system  and  the  danger  of  their  making  the  compression 
gasoline  "  wild,"  or  too  light  to  hold. 

During  the  year  1917  an  average  of  79,527,523  "  cubic  feet  of  natural 
gas  was  treated  daily  by  the  compression  process.  If  all  the  residual 
gas  from  tlie  compression  plants  had  been  treated  by  absorption 
methods— assuming  that  the  residual  gas  contains  0.4  gallon  per  1,000 
cubic  feet — there  would  have  been  a  daily  saving  of  31,811  gallons  of 
gasoline,  or  an  annual  increase  in  production  of  11,611,015  gallons. 

TESTING  OF  NATUKAL  GAS  FOE  GASOLINE  CONTENT. 

NECESSITY   or   TESTS. 

All  of  the  tests  made  on  the  plants  described  in  this  paper  were 
by  the  method  and  apparatus  described  in  the  following  pages.  This 
method  of  testing  natural  gas  for  gasoline  content  has  been  found 
satisfactory  in  testing  rich  or  lean  gases  from  wells  or  the  residual 
gas  from  compression  or  absorption  plants. 

The  natural-gas  gasoline  industry  has  had  a  rapid  growth  since 
1913,  when  the  first  absorption  plant  was  erected  for  recovering  gaso- 
line from  natural  gas.  Absorption  is  now  being  successfuly  applied 
not  only  to  "  dry  "  gas,  but  also  to  "  wet"  or  casing-head  gas,  to  still 
vapors,  and  to  residual  gas  from  compression  gasoline  plants. 

In  1917  there  were  in  the  United  States  102  plants  using  the  absorp- 
tion process,  which  had  an  annual  production  of  49,017,549  gallons, 
valued  at  $9,592,026."  This  process  has  been  one  of  the  most  im- 
portant developments  in  the  history  of  the  natural  gas  industry,  for 
it  has  not  onh^  saved  and  utilized  a  product  that  was  formerly  wasted, 
but  has  helped  producers  to  meet  the  ever-increasing  demand  for 
motor  fuels. 

Methods  for  determining  the  gasoline  content  of  natural  gas  have 
been  described  in  several  Bureau  of  Mineg  papers.''  Tests  of  small 
samples  of  gas  by  specific  gravity  determination,  by  change  in  vol- 
ume of  gas  in  contact  with  an  absorption  medium,  or  by  increase  in 
volume  of  absorption  menstruum  merely  indicate  the  quantity  of 
gasoline  in  the  gas  and  often  lead  to  ambiguous  results.  The  only 
accurate  method  of  determining  the  gasoline  content  of  natural  gas 
that  contains  less  than  1  gallon  of  gasoline  per   1,000   cubic  feet 

"  Northrop,  J.  D.,  Natiiral-cras  sasoline  in  1017  :  Mineral  Rosourcos  of  T'.  S.  for  1017, 
pt.  2,  U.  S.  Geol.  Survey,  1918,  p.  Gg. 

"  Northrop,  J.  D.,  Tlacc  cited. 

<■  Burrell,  G.  A.,  Scibort,  F.  M.,  and  Oborfell,  G.  G.,  The  condensation  of  gasoline  from 
natural  gas,  Bull.  88,  1015,  pp.  ?.0-lS.  Burrell,  0.  A.,  Biddison,  V.  M.,  and  Oborfoll,  G.  G.. 
I'^xtraction  of  gasoline  from  natural  gas  by  absorijlion  methods,  Bull.  120,  1017.  pp.  17-24. 
Dykema,  W.  P.,  Recovery  of  gasoline  from  natural  gas  by  compression  and  refrigeration, 
Bull,  l.'jl,  1018,  pp.  102-103.  Burrell,  G.  A.,  and  .Tones,  G.  W.,  Methods  of  testing  natural 
gas  for  gasoline  content,  Tech.  Paper  87,   1016,  pp.  5-14. 


36  RECOVERY   OF    CxASOLINE    IN    RESIDUAL   GAS. 

is  to  bring  a  given  quantity  of  the  gas  into  contact  witli  some  ab- 
sorption medium  and  to  separate  the  absorbed  gasoline  from  the  oil 
by  distilhition.  The  method  outlined  in  this  paper  is  effected  by 
using  an  absorption  apparatus  that  differs  somewhat  in  design  from 
any  previously  described,  although  it  embraces  the  same  principle 
of  operation — that  of  the  Friedrick  wash  bottle.  This  absorber,  de- 
signed by  the  senior  writer,  has  the  advantage  of  being  a  rigid  unit, 
with  a  large  capacity  for  oil  and  consequently^  a  larger  gas  capacity. 
By  using  larger  volumes  more  representative  deternunations  can  be 
made,  and  the  opportunities  for  error  are  materially  decreased. 

Before  a  plant  for  recovering  gasoline  from  natural  gas  is  con- 
structed the  quantity  and  quality  of  the  gas  to  be  used  should  be 
thoroughly  examined.  Often  one  sees  plants  that  because  of  the 
lack  of  adequate  testing  of  the  gas  were  erected  only  to  be  aban- 
doned as  complete  failures  after  a  short  period  of  operation.  At 
present  .there  is  no  excuse  for  such  conditions  existing  as  a  result  of 
inadequate  preliminary  examination  of  the  gas  to  be  treated.  Too 
much  emphasis  can  not  be  placed  upon  the  importance  of  testing 
the  gas  before  the  construction  of  a  plant  is  planned. 

DESCRIPTION  OF  ABSORPTION  TESTER. 

The  apparatus  shown  in  figure  9  comprises  a  piece  of  6-inch  cas- 
ing with  five  separate  compartments,  which  can  be  connected  in 
series.  Each  compartment  has  a  f-incli  gas  inlet  and  a  2-inch  gas  dis- 
charge pipe  or  chamber,  which  extends  to  a  point  near  the  bottom 
of  the  compartment.  From  an  opening  near  the  top  of  the  compart- 
ment extends  a  f-inch  pipe  coiled  around  a  3-inch  core  with  seven 
turns,  through  which  the  gas  being  treated  bubbles  and  in  which  most 
of  the  absorption  takes  place.  A  minor  modification,  optional  in  the 
design  and  not  shown  in  the  sketch,  is  the  use  of  needle  valves  at 
each  extremity  of  the  apparatus  in  order  that  gas  may  not  be  in- 
troduced too  rapidly,  or  may  be  throttled  to  any  desired  pressure 
so  as  not  to  carry  oil  over  from  one  compartment  to  the  next.  Also, 
the  use  of  a  needle  valve  on  the  discharge  end  enables  one  to  regu- 
late more  easilj'  the  rate  of  flow  through  the  meter,  especially  in 
tests  at  low  pressures — that  is,  when  the  gas  flows  through  the  ab- 
sorber very  slowly.  It  is  adA-antageous  to  use  gate  valves  instead  of 
drain  cocks  for  drawing  off  treated  absorption  oil  from  the  oil  cham- 
bers, as  such  valves  facilitate  rapid  work  and  eliminate  the  possibil- 
ity of  volatilization  losses  that  exists  when  oil  is  allowed  to  spray 
through  a  stopcock  under  pressure  into  the  container  for  collecting 
treated  oil.  Also,  time  can  be  saved  by  using  small  bull-plugged 
nipples  in  place  of  standard  plugs,  as  they  can  be  more  easily  re- 
moved and  more  rigidly  connected  to  prevent  leaks. 
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To  make  the  test  with  this  absorber,  2,700  c.  c.  of  "  mineral  seal 
oil,"  or  enough  to  bring  the  level  of  the  oil  about  2  inches  above  the 
top  of  the  6-inch  casing  and  well  above  the  coil  inlet,  is  accurately 
measured  and  introduced  into  each  compartment.  The  most  im- 
portant requisite  for  absorption  media  is  high  initial  boiling  point, 
in  order  that  in  the  subsequent  distillation  a  quantitative  separation 


FtGURE  9. — Absorption  tester. 

can  be  effected.    The  oil  used  in  the  tests  described  in  this  paper  had 
the  following  physical  properties : 

Properties  of  oil  used  in  tests. 

Gravity .'^G.O"  P.. 

Initial  boiling  point 450°  F. 

Viscosity - 51  Saybolt. 

Flash  point   (IVnslcy-Martens  closed  tester) 271°  F. 

Fire  test  (I'ensky-Martcns  open  tester) 307°  F. 
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In  luo.st  tests  only  the  first  tlirec  absorbers  are  used,  but  it  nui}'  be 
expedient  to  fill  the  fourth  compartment  when  examining  rich  gas 
flowing  at  low  pressures  or  when  running  a  large  volume  of  dry 
gas  in  paralleling  a  12-hour  or  day's  operation  of  an  absorption 
plant  to  determine  the  efficiency  of  recovery.  The  fifth  compart- 
ment is  not  intended  to  be  used  as  a  container  for  oil,  but  to  serve 
as  a  separator  or  oil  trap  in  case  any  oil  is  carried  over  from  the 
preceding  compartment.  A  meter  capable  of  accurately  measuring 
1  to  1,000  cubic  feet  of  gas  is  connected  to  the  discharge  of  the 
absorber. 

The  gas  to  be  tested  is  allowed  slowly  to  enter  the  apparatus  with 
the  discharge  valve  closed.  When  pressure  equilibrium  with  the 
gas  to  be  examined  is  obtained,  or  when  the  desired  pressure  is 
attained,  the  discharge  valve  is  opened  enough  to  permit  the  desired 
rate  of  flow  through  the  meter. 

The  gas  enterii>g  the  absorber  bubbles  up  through  the  oil,  the  latter 
absorbing  the  gasoline.  The  function  of  the  pipe  coil  is  to  provide 
a  long  and  intimate  contact  between  the  oil  and  the  gas  as  the  gas 
passes  through  the  absorber. 

After  the  desired  quantity  of  gas  has  passed  through  the  absorber 
the  supply  is  shut  off  and  the  pressure  is  released,  through  the  needle 
discharge  valve,  allowing  all  the  gas  to  flow  through  the  meter. 
After  the  pressure  has  decreased  to  atmospheric  pressure  the  oil  is 
withdrawn  from  each  compartment  and  is  accurately  measured,  1,000 
c.  c.  of  treated  oil  from  each  compartment  being  kept  for  distillation. 

DISTILLATION  OF  SATURATED  OIL. 

Of  the  treated  oil  400  c.  c.  is  introduced  into  a  500-c.  c.  Engler  dis- 
tilling flask  connected  to  a  condenser  made  of  ^-incli  brass  tubing  and 
surrounded  with  cold  (ice)  water  contained  in  a  metal  box.« 

The  flask  is  heated  by  direct  fire,  slowly  at  first,  and  the  gasoline 
driven  out  of  the  oil  is  collected  in  a  graduated  cylinder.  The  flask 
is  heated  until  the  vapor  reaches  a  temperature  of  350°  F.,  which 
usually  requires  20  minutes.  If  the  oil  has  a  very  high  saturation, 
it  is  allowed  to  cool  20  to  30°  and  again  raised  to  350°.  This  pro- 
cedure is  followed  until  practically  no  more  gasoline  is  driven  over 
and  collected  from  the  condenser. 

The  recovery  of  gasoline  will  depend  upon  the  rate  of  flow, 
gasoline  content  of  the  gas,  volume  of  gas  treated,  pressure,  and  the 
temperature  of  the  absorbing  oil.  Optimum  conditions  as  regards 
volumes  of  gas  and  rate  of  flow  with  gases  at  different  pressures  and 
gasoline  content  are  given  below. 

»  Am.  Soc.  Test.  Mat.  Tear  Book  for  1915,  vol.  13,  pp.  568-5G0,  and  Year  Book  for  1016, 
vol.   10,  pp.  518-521. 


TESTING  OF  NATURAL  GAS  FOR  GASOLINE   CONTENT. 

CuiitrolliiKj  factors  in  opvruiiun  of  test  absorber. 
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Maximum 
rates  of  flow 
of  gas  (cubic 
feet  per  hour). 

Trcs-'Jure 
(pounds  per 
square  inch,). 

Maximum  gas  capacity. 

Cubic  feet  of 
gas  treated. 

Gasoline, 

gallons  per 

1,000  cubic 

feet. 

400 

200 

100 

60 

20 

300 
150 

75 

40 
Atmospheric. 

800 

400 

200 

150 

100 

66 

60 

35 

25 

0.  ir?5 
.250 
.50 

.  10 

1.00 
1.50 
2.00 
3.00 
4.00 

Tlie  follo^ving  data  were  obtained  from  a  representative  test  of  in- 
take gas  at  a  compression  plant  in  the  Mid-Continent  field: 

Results  of  /c.sf  of  hitakc  gas  at  a  compression  plant. 

Temperature  of  oil.  94°  F. 

rressure  of  gas  treated,  204  pounds  per  square  iueli. 

Rate  of  flow,  133  cubic  feet  per  liour. 

"Volume  of  gas  treated,  302  cubic  feet. 


Item. 


Compartments. 


First.       Second.       Third 


Chargo CO 

Quanlit y  recovered e.  c 

firavit  y  of  oil °B 

C^'uiniity  di  tilled c.  c 

Inil  ial  boiling  point °F 

Casoiine  in  4C>0-c.  c.  sample c.  c 

Gasoline  recovered  in  each  compartment c.  c 

I'ropoition  recovered  in  each  compartment per  cent 


2,f.0O 

2,700 

37.0 

400 

170 

19.5 

131.5 

60.5 


2,600 

2,600 

36.4 

400 

185 

9.5 

63.2 

29.0 


2,600 
2,630 
36.0 
400 
308 
3.5 
23 
10.5 


Total  <iuaiitity  of  gasoline  recovered,  217.7  cubic  ceutiuieters  (gravity,  7S°  B.). 
Gasoline  content  of  gas  treated,  0.190  gallon  per  1,000  cubic  feet. 

The  gasoline  content  is  calculated  by  using  the  following  formula : 

3000    _C_ 
^~  G   ^^3785 

where  Q  is  the  gasoline  content  in  gallons  per  1,000  cubic  feet  of  gas, 
(r  is  the  volume  in  cubic  feet  of  gas  treated,  and  C  is  the  total  num- 
ber of  cubic  centimeters  of  gasoline  obtained  from  the  treated  ab- 
sorption medium. 

Above  certain  limits  the  temperature  of  the  absorbing  oil  has 
probably  more  efl'ect  on  the  efficiency  of  recovery  than  any  other 
factor.  In  a  series  of  tests  of  "  dry  "  natural  gas  with  all  conditions 
constant,  except  the  variable  factor  of  temperature,  a  ditference  of 
42  per  cent  in  the  volumetric  recovery  of  gasoline  for  a  gradient  of 
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30°  F.  was  or)ta!netl,  as  is  shown  hy  the  curve  in  figure  10.  These 
changes  took  place  between  90°  F.  and  120°  F.,  and  are  undoubtedly 
due  to  the  rapid  increase  in  the  partial  vapor  pressure  of  the  gasoline 
fractions  in  the  gas  as  the  l)oiling  i)oints  are  reached.  Probably  no 
two  gases  will  show  the  same  results  Avith  the  same  variation  in  tem- 
perature, inasmuch  as  the  characteristics  of  the  gasoline  hj^drocarbons 
are  distinctly  dissimilar. 

The  data  from  which  this  curve  was  plotted  were  obtained  from  a 
series  of  tests  using  a  constant  quantity  of  oil  (2,600  c.  c.  in  each  of 
the  first  three  compartments),  a  pressure  of  130  pounds  per  square 
inch,  and  a  total  volume  of  200  cubic  feet  of  gas  which  passed  through 
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GASOLINE,  GALLONS  PER  1,000  CUBIC  FEET  OF  GAS. 
Figure  10. — Curve  showing  effect  of  temperature  on  absorption. 

the  apparatus  at  the  rate  of  2  cubic  feet  per  minute.  The  point  should 
be  emphasized  that  the  data  obtained  in  this  test  can  not  l)e  taken 
as  a  criterion  by  which  to  judge  other  natural  gas.  Samples  of  natural 
gas  from  different  wells  may  have  the  same  gasoline  content,  but  on 
account  of  differences  in  the  characteristics  of  the  various  hydro- 
carbons present  may  require  radically  different  treatment. 

The  test  absorber  and  the  method  described  in  this  paper  are 
recommended  In  preference  to  the  use  of  the  scnibbers  mentioned  in 
other  publications,  because  they  give  more  significant  results  wdien 
evaluating  a  gas  with  the  idea  of  determining  the  feasibility  of  in- 
stalling an  absor]ition  plant,  or  of  ascertaining  the  efficiency  of 
reco\ery  at  ab&or[)tioii  or  compression  i)lants. 


PUBLICATIONS  ON  PETROLEUM  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the  Di- 
rector, Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  onl}-  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
ment of  the  price  of  printing.  Interested  persons  should  apply  to 
the  Director,  Bureau  of  Mines,  for  a  cop}^  of  the  latest  list. 

PUBLJCATIOXS   AVAILABLE   FOR  FREE  DISTRIBTJTIOX. 

Bulletin  134.  The  use  of  mud-ladea  fluid  in  oil  and  gas  wells,  by  J.  O.  Lewis 
and  W.  F.  McMurray.     1916.     86  pp.,  3  pis.,  18  figs. 

Bulletin  148.  Methods  for  increasing  the  recovery  from  oil  sands,  by  J.  O. 
Lewis.    1917.    128  p.,  4  pis.,  32  figs.    1.5  cents. 

Bulletin  177.  The  decline  and  ultimate  production  of  oil  wells,  with  notes 
on  the  valuation  of  oil  properties,  by  C.  H.  Beal.     1919.     215  pp.,  4  pis.,  30  figs. 

Bulletin  165.  Bibliography  of  petroleum  and  allied  substances  in  lOlG,  by 
E.  H.  Burroughs.     1919.     1.'9  pp. 

Technical  Paper  .32.  The  cementing  process  of  excluding  Mater  from  oil 
wells,  as  practiced  in  California,  by  Ralph  Arnold  and  V.  R.  Garfias.  1913. 
12  pp.,  1  fig. 

Technical  Papee  38.  Wastes  in  the  production  and  utilization  of  natural  ga.=(, 
and  methods  for  their  prevention,  by  Ralph  Arnold  and  F.  G.  Chipp.  1913. 
29  pp. 

Technical  Paper  42.  The  prevention  of  waste  of  oil  and  gas  from  flowing 
wells  in  California,  with  a  discussion  of  special  methods  used  by  J.  A.  PoUard, 
by  Ralph  Arnold  and  V.  R.  Garfias.     1913.     15  pp..  2  pis.,  4  figs. 

Technical  Paper  45.  Waste  of  oil  and  gas  in  Mid-Continent  fields,  by  R.  S. 
Blatchley.     1914.     54  pp.,  2  pis.,  15  figs. 

Technical  Paper  49.  The  flash  point  of  oils,  methods  and  apparatus  for  its 
determination,  by  I.  C.  Allen  and  A.  S.  Crossfield.     1913.    31  pp.,  2  figs. 

Technical  Paper  66.  Mud-laden  fluid  applied  to  well  drilling,  by  ,T.  A.  Pol- 
lard and  A.  G.  Heggem.     1914.     21  pp.,  12  figs. 

Technical  Paper  68.  Drilling  wells  in  Okhilioma  by  the  mud-ladon  fluid 
method,  by  A.  G.  Heggem  and  .T.  A.  Pollard.     1914.     27  pp.,  5  figs. 

Technical  Paper  79.  Electric  lights  for  oil  and  gas  v.-ells,  by  li.  H.  Clark. 
1914.     8  pp. 

41 


42  RECOVERY   OF   GASOLINE   IN   RESIDUAL  GAS. 

Technical  Paper  87.  Methods  of  tostinj;  iiatiiral  ^as  for  fiasoline  content,  by 
G.  A.  Burrell  and  G.  W.  Jones.    1916.    26  pp.,  7  figs. 

Technical  Paper  117.  Quantity  of  gasoline  necessary  to  produce  explosive 
vapors  in  sewers,  by  G.  A.  Burrell  and  H,  T.  Boyd.    1916.    18  pp..  4  figs. 

Technical  Paper  120.  A  bibliography  of  the  cheuiisti'y  of  gas  manufacture,, 
by  W.  F.  Kittman  and  M.  C.  Wliittaker,  compiled  and  arranged  by  M.  S.  Howard. 
1915.     30  pp. 

Technical  Paper  127.  Hazards  in  handling  ga.soline,  by  G.  A.  Burrell.  lOl.l. 
12  pp. 

Technical  Paper  131.  The  compressibility  <if  natural  gas  at  high  pressures, 
by  G.  A.  Burrell  and  I.  W.  Kobertson.     1916.     n  pp.,  2  figs. 

Technical  Paper  158.  Compressibility  of  natural  gas  and  its  constituents 
Avith  analyses  of  natural  gas  from  31  cities  in  the  United  States,  by  <!.  A. 
Burrell  and  I.  W.  Robertson.    1917.    16  pp.,  9  figs. 

Technical  Paper  161.  Construction  and  operation  of  a  single-tube  cracking 
furnace  for  making  gasoline,  by  C.  P.  Bowie.    1916.    16  pp.,  10  pis. 

Technical  Paper  181.  Determination  of  unsaturated  hydrocarbons  in  gaso- 
line, by  E.  W.  Dean  and  H.  H.  Hill.    1917.    2.1  pp. 

Technical  Paper  18.5.  Use  of  the  interferometer  in  gas  analysis,  Iiy  F.  M. 
Seibert  and  W.  C.  Harpster.    1918.    18  pp.,  1  pi.,  5  figs. 

Technical  Paper  209.  Traps  for  saving  gus  at  oil  wells,  by  W.  II.  Hamilton. 
1919.    34  pp.,  3  pis.,  16  figs. 

Technical  Paper  214.  Motor  gasoline  properties,  laboratory  methods  of  test- 
ing, and  practical  specifications,  by  E.  W.  Dean.     1919.     33  pp..  2  figs. 

PUBLICATIOXS    THAT    INIAT    BE    OBTAINKD    OXI>T    THROUGH    THE    SUPERIX- 
TENDEXT   OF  DOCUMENTS. 

Bulletin  19.  Physical  and  chemical  properties  of  the  petroleums  of  the  San 
Joaquin  Valley,  Cal.,  by  I.  C.  Allen  and  W.  A.  Jacobs,  with  a  chapter  on  analyses 
of  natural  gas  from  the  southern  California  oil  fields,  by  G.  A.  Burrell.  191L 
60  pp.,  2  pis..  10  figs.     10  cents. 

Bulletin  32.  Commercial  deductions  from  comparisons  of  ga.soline  and  alco- 
hol tests  on  internal-combustion  engines,  by  R.  M.  Strong.    1911.    38  pp.    5  cents. 

Bulletin  43.  Comparative  fuel  values  of  gasoline  and  denatured  alcohol  in 
internal-combustion  engines,  by  R.  M.  Strong  and  Lauson  Stone.  1912.  243  pp., 
S  pis.,  32  figs.    20  cents. 

Bulletin  6-5.  Oil  and  gas  wells  through  woi-kable  coal  beds ;  papers  and  dis* 
cussions,  by  G.  S.  Rice,  O.  P.  Hood,  and  otliers.  1913.  101  pp.,  1  pi.,  11  figs. 
10  cents. 

Bulleti?^  88.  The  condensation  of  gasoline  from  natural  gas.  by  G.  A.  Bur- 
rell, F.  M.  Seibert,  and  G.  G.  Oberfell.     1915.     106  pp.,  6  pis..  18  figs.     15  cents. 

Bulletin  114.  INIanufacture  of  gasoline  and  benzene-toluene  from  petroleum 
and  other  hydrocarbons,  by  W.  F.  Rittman,  C.  B.  Dutton,  and  E.  W.  Dean,  with 
a  bibliography  compiled  by  M.  S.  Howard,  1916.  268  pp.,  9  pis.,  45  figs. 
85  cents. 

Bulletin  120.  Extraction  of  gasoline  from  natural  gas  by  absorption  m(>lhods, 
by  G.  A.  Burrell,  P.  M.  Biddison,  and  G.  G.  Oberiell.  1917.  71  pp.,  2  pis.,  15 
figs. 

Bulletin  125.  The  analytical  distillation  of  petntleuin,  by  "\V.  F.  Riitman  and 
E.  W.  Dean.     1916.    79  pp.,  1  pi.,  16  figs.     15  cents. 

Bulletin  149.  Bibliography  of  petroleum  and  allied  substances — 1915,  l)y  E. 
H.  Burroughs.     1917.    147  pp.    15  cents. 


PUBLICATIOXS    OX    PETROLEUM   TECHNOLOGY.  43 

BrLLETiN  158.  Cost  accounting  for  oil  producers,  by  C.  G.  Smith.  1917.  123 
pp.    15  cents. 

BuLLETi>'  163.  Method  of  shutting  off  water  in  oil  and  gas  wells,  by  F.  B. 
Tough.    1918.    122  pp.,  20  pis.,  7  figs.    30  cents. 

Bulletin  176.  Recent  developments  in  the  absorption  process  for  recovering 
gasoline  from  natural  gas,  by  W.  P.  Dykeina.  I'JIU.  90  pp.,  20  pis.,  SU  ligs.  25 
cents. 

Techxical  Paper  3.  Specifications  for  the  purchase  of  fuel  oil  for  the  Govern- 
ment, with  directions  fur  sampling  oil  and  natural  gas,  by  I.  C.  Allen.  1911. 
13  pp.    5  cents. 

Technical  Paper  10,  Liquefied  products  of  natural  gas,  their  properties  and 
uses,  by  I.  C.  Allen  and  G.  A.  Burrell.    1912.    23  pp.    5  cents. 

Technical  Paper  25.  Methcnls  for  the  determination  of  water  in  petroleum 
and  its  products,  by  I.  C.  Allen  and  W.  A.  Jacobs.    1912.    13  pp.,  2  tigs.    5  cents. 

Technical  Paper  26.  Methods  for  the  determination  of  the  sulphur  content  of 
fuels,  especially  petroleum  products,  by  I.  G.  Allen  and  I.  W.  Robertson.  1912. 
13  pp.,  1  fig.    5  cents. 

Technical  Paper  36.  The  preparation  of  specifications  for  petroleum  prod- 
ucts, by  I.  C.  Allen.     1913.     12  pp.     5  cents. 

Technical  Paper  37.  Heavy  oil  as  fuel  for  internal-combustiuu  engines,  by 
I.  C.  Allen.    1913.    36  pp.    5  cents. 

Technical  Paper  51.  Possible  causes  of  the  decline  of  oil  wells,  and  sug- 
gested methods  of  prolonging  yield,  by  L.  G.  Huntley.  1913.  32  pp.,  9  figs. 
5  cents. 

Technical  Paper  .'3.  Proposed  regulations  for  the  drilling  of  oil  and  gas 
wells,  with  comments  thereon,  by  O.  P.  Hood  and  A.  G.  Heggem.  1913.  28  pp., 
2  figs.     5  cents. 

Technical  Paper  -"57.  A  preliminary  report  on  the  utilization  of  petroleum 
and  natural  gas  in  Wyoming,  by  TT.  R.  Calvert,  with  a  discussion  of  the  suita- 
bility of  natural  gas  for  making  gasoline,  by  G.  A.  Burrell.  1913.  23  pp.  5 
cents. 

Technical  Paper  70.  Methods  of  oil  recovery  in  California,  by  Ralph  *^nold 
and  Y.  R.  Garfias.     1914.     57  pp.,  7  figs.     5  cents. 

Technical  Paper  72.  Problems  of  the  petroleum  industry,  results  of  confer- 
ences at  Pittsburgh,  Pa.,  August  1  and  September  10,  1913,  by  I.  C.  Allen.  1914, 
20  pp.     5  cents. 

Technical  Paper  74.  Physical  and  chemical  properties  of  the  petroleums  of 
California,  by  I.  C.  Allen,  W.  A.  Jacobs,  A,  S.  Crossfield,  and  R.  R.  Matthews. 
1914.     38  pp.,  1  fig.     5  cents. 

Technical  Paper  104.  Analysis  of  natural  gas  and  illuminating  gas  by  frac- 
tional distillation  in  a  vacuum  at  low  temperatures  and  pressures,  by  G.  A. 
Burrell,  F,  M.  Seibert,  and  I.  W.  Robertson.     1915.     41  pp.,  7  figs.     5  cents. 

Technical  Paper  109.  Composition  of  the  natural  gas  used  in  25  cities,  with 
a  discussion  of  the  properties  of  natural  gas,  by  G.  A.  Burrell  and  G.  G.  Ober- 
fell.     1915.    22  pp.     5  cents. 

Technical  Paper  115.  Inflammability  of  mixtures  of  gasoline  vapor  and  air, 
by  G.  A.  Burrell  and  H.  T.  Boyd.     1915.     18  pp.,  2  figs.    5  cents. 

Technical  Paper  130.  UndergTound  wastes  in  oil  and  gas  fields  and  methods 
of  prevention,  by  W.  F.  :\IcMurray  and  J.  O.  Lewis.  1916.  28  pp.,  1  pi.,  8  figs. 
5  cents. 

Technical  Paper  163.  Physical  and  chemical  properties  of  gasoline  sold 
thmuglHiut  the  United  States  during  the  calendar  year  1915.  by  AY.  F.  Rittiiian, 
W.  A,  Jacobs,  and  E.  W.  Dean.    1910.    45  pp.,  4  figs.    10  cents. 

o 


